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ABSTRACT
Many q u e s t io n s  rem ain  unansw ered re g a rd in g  th e  e f f e c t s  o f '  
i s o m e tr ic  e x e r c i s e s .  There i s  much r e s e a r c h  on f i l e  to  s u b s t a n t i a t e  
th e  f a c t  t h a t  is o m e tr ic  e x e r c i s e s  do p roduce s t r e n g th  g a in s .  There 
i s  s t i l l  much to  le a r n  co n c e rn in g  th e  e f f e c t s  o f  o th e r  f a c t o r s  which 
a r e  th e  com ponents o f  p h y s ic a l  p r o f i c i e n c y .  The p u rp o se  o f  t h i s  
r e s e a r c h  was to  d e te rm in e  th e  e f f e c t s  o f  f u n c t io n a l  is o m e tr ic  
e x e r c i s e s  on th ro w in g  a  s o f t b a l l  f o r  maximum d i s t a n c e  and a l s o  to  
c o n tin u e  th ro w in g  a s o f t b a l l  f o r  maximum d i s t a n c e .  The perfo rm an ce  
t e s t e d  was e ig h ty  s o f t b a l l  th ro w s f o r  maximum d i s t a n c e .
F o u r g ro u p s  o f  tw en ty  c o l le g e  m ales  se rv e d  a s  s u b je c t s  f o r  
th e  s tu d y .  One g roup  p r a c t i c e d  is o m e tr ic  e x e r c i s e s  o n ly .  A second 
group  p r a c t i c e d  is o m e tr ic  e x e r c i s e s  and a l s o  p r a c t i c e d  th ro w in g  a 
s o f t b a l l  f o r  maximum d is ta n c e  e ig h ty  t im e s ,  th r e e  day s  a  w eek. A nother 
group  p r a c t i c e d  th ro w in g  a  s o f t b a l l  f o r  maximum d is ta n c e  e ig h ty  t im e s ,  
th r e e  d a y s  a  w eek, and d id  n o t p r a c t i c e  is o m e tr ic  e x e r c i s e s .  A f o u r th  
g roup  s e rv e d  a s  a  c o n t r o l  g roup  and d id  n o t  p r a c t i c e  iso m e tr ic  
e x e r c i s e s  o r  th ro w in g  a  s o f t b a l l  f o r  maximum d i s t a n c e .  A i l  s u b je c ts  
w ere p r e - t e s t e d ,  underw en t a  s ix -w eek  t r a i n i n g  p e r io d ,  and th e n  w ere 
p o s t - t e s t e d ,  iiach s u b je c t  t e s t e d  th re w  a  s o f t b a l l  f o r  d i s t a n c e  e ig h ty  
t im e s .  Throws were made e v e ry  s i x  seconds and d i s ta n c e s  w ere re c o rd e d  
in  f e e t .
In  o r d e r  to  d e te rm in e  w h e th e r  s t r e n g th  was a t t a i n e d  a s  a  r e s u l t
o f  iso m e tr ic  e x e rc is e s  o r  o th e r  u n c o n tro lle d  f a c t o r s ,  th e  p r e - t e s t  
and p o s t - t e s t  a ls o  in c lu d ed  s tr e n g th  re c o rd in g s  o f  one arm p o s i t io n  
w ith in  th e  ran g e -o f-m o tio n  o f  a  s o f t b a l l  throw  and a re c o rd in g  o f  th e  
dom inant le g  in  a  p o s i t io n  which approxim ated a  "push o f f "  ex e c u tio n  
in  th row ing  a  s o f t b a l l .  Once th e  t r a in in g  program  began, s u b je c ts  
a ss ig n e d  to  e x e rc is e  g roups were t e s t e d  weekly and n o t i f i e d  o f  t h e i r  
p ro g re ss  f o r  purpose o f m o tiv a tio n .
A Type 1 i i  s t a t i s t i c a l  d es ig n  was used to  an a ly ze  th e  d a ta  
c o l l e c te d .  The p r e - t e s t  d a ta  were analyzed  by a n a ly s is  o f  v a r ia n c e . 
S ince  no s ig n i f i c a n t  d i f f e r e n c e s  were found when com paring th e  fo u r  
g ro u p s , o n ly  th e  p o s t - t e s t  d a ta  were u sed . T h is a n a ly s is  re v e a le d  
no s ig n i f i c a n t  d i f f e r e n c e s  betw een th e  t r i p l e - a c t i o n  o f  e x e rc is e  
g ro u p s, throw  g ro u p s, and t o t a l  t r i a l s  by s u b je c ts .  When e x e rc is e  
g roups were compared to  n o -e x e rc ia e  g ro u p s, no s ig n i f i c a n t  d i f f e r e n c e  
was found a t  th e  .05 l e v e l .  Throw groups perform ed s ig n i f i c a n t ly  
g r e a te r  a t  th e  .O i le v e l  when compared to  th e  e x e rc is e  g ro u p s; how ever, 
th e  i n t e r a c t io n  o f  th e  two, when com pared, ev idenced  no s ig n i f i c a n t  
d i f f e r e n c e .
When e x e rc is e  groups were compared to  n o -e x e rc is e  groups in 
t h e i r  a b i l i t y  to  throw  a s o f t b a l l  f o r  maximum d is ta n c e ,  an "F" r a t i o  
o f  3 .93  was found. A lthough t h i s  f a i l e d  to  meet th e  r e q u ire d  "F" 
r a t i o  o f 3 .9 7  f o r  th e  .05 le v e l  o f  p r o b a b i l i ty ,  t h i s  r e a l iz e d  "F" 
r a t i o  was c o n s id e re d  h ig h .
The d i f f e r e n c e s  o f  means betw een th e  f i r s t  th rough  th e  fo u r th
x i
group o f  tw en ty  th ro w s were d e te rm in e d  by a n a ly s is  o f  v a r ia n c e  f o r  
b o th  th e  e x e r c is e  group and th e  n o -e x e rc is e  g ro u p . The e x e r c is e  
group d id  n o t  e x p e r ie n c e  a s i g n i f i c a n t  d e c l in e  from  one group o f  
tw en ty  th ro w s to  th e  f o u r th  g roup  o f  tw enty  th ro w s . The n o -e x e rc is e  
g ro u p , how ever, e x p e r ie n c e d  a  s i g n i f i c a n t  d e c l in e ,  in d ic a te d  by an
"F “ r a t i o  o f  15.93» which was found to  be l i n e a r  in  n a tu r e .
T h is  s tu d y  j u s t i f i e s  th e  fo llo w in g  c o n c lu s io n s :
1 . F u n c tio n a l  is o m e tr ic  e x e r c i s e s  w i l l  im prove th e  a b i l i t y
to  m a in ta in  th e  maximum d is ta n c e  th row n .
2 . The a d d i t io n  o f  a  f u n c t io n a l  is o m e tr ic  e x e r c i s e  program
to  a th ro w in g - fo r—d is ta n c e  program  w i l l  p roduce p o s i t iv e  
g a in s  beyond th a t  o f  a  th ro w in g  program  a lo n e .
3 . A program  o f  p r a c t i c e  th ro w in g  f o r  maximum d is ta n c e  w i l l
im prove th e  a b i l i t y  to  throw  f o r  maximum d i s ta n c e .
A program  o f  is o m e tr ic  e x e r c is e s  w i l l  b r in g  abou t s ig n i f i c a n t  
im provem ents in  s t r e n g th .
5. P r a c t ic in g  th ro w in g  a  s o f t b a l l  f o r  maximum d i s t a n c e ,  w ith o u t 




The developm ent o f  s t r e n g th  and th e  se a rc h  f o r  ways to  b e t t e r  
p e rfo rm  p h y s ic a l  f e a t s  have lo n g  been im p o rta n t to  man. The com plex i­
t i e s  t h a t  a re  p r e s e n t  in  th e  human o rgan ism  a re  many. A lthough much 
r e s e a r c h  h as  been u n d e rta k e n  to  a s c e r t a i n  what program s o f  s tr e n g th  
b u i ld in g  a re  b e s t ,  how long  i t  ta k e s  to  in c r e a s e  s t r e n g th ,  how f a s t  
a  p e rso n  lo s e s  s t r e n g th  and o th e r  prob lem s re g a rd in g  t h i s  v a s t  a re a  
o f  know ledge, th e r e  rem ain  many unansw ered q u e s t io n s  re g a rd in g  th e  
developm ent o f  v o l i t i o n a l  m uscle s t r e n g th .
In  r e c e n t  y e a r s  a t h l e t i c  co aches have come to  p la c e  a h igh  
re g a rd  on th e  developm ent o f  s t r e n g th .  The t r a d i t i o n a l  w eigh t 
t r a i n i n g  program s which had been used  in  th e  p a s t  have w itn e sse d  a 
c o u n te r p a r t  on th e  scene  in  th e  name o f  is o m e tr ic  e x e r c i s e s .  Much 
re s e a rc h  h a s  been u n d e rtak en  t h a t  co n c lu d es  t h a t  is o m e tr ic  e x e r c is e s  
can  be o f  v a lu e  in  s t r e n g th  a t ta in m e n t ( s e e  C h ap te r 1 1 ) . P erhaps 
th e r e  a re  o th e r  c o n d i t io n in g  program s t h a t  need to  be p u rsu e d . R esearch  
sh o u ld  be c o n tin u e d  so th a t  one day th e  p ro p e r  t r a i n i n g  program , th e  
p ro p e r  t im e , se q u en ce , im p lem en ta tio n  and u t i l i z a t i o n  o f  b o th  is o m e tr ic  
and i s o to n ic  e x e r c i s e s  can b e s t  s e rv e  each i n d i v i d u a l 's  need f o r  
e f f i c i e n t  im provem ent o f  h i s  p h y s ic a l  p e rfo rm an ce .
I .  PURPOSE OF THE STUDY
I t  was th e  p u rp o se  o f  t h i s  s tu d y  to  d e te rm in e  th e  e f f e c t s  o f
1
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f u n c t io n a l  is o m e tr ic  e x e r c i s e s  on th e  fo llo w in g : (1 ) th e  a b i l i t y  to  
th ro w  a  s o f t b a l l  underhand f o r  maximum d is ta n c e ;  and (2 ) th e  a b i l i t y  
to  c o n tin u e  th ro w in g  a  s o f t b a l l  underhand f o r  maximum d i s ta n c e .
I I .  SIGNIFICANCE OF THE STUDY
There i s  a  g r e a t  d e a l  t h a t  m ust be le a rn e d  re g a rd in g  th e  
p ro p e r  t r a in i n g  r o u t in e s  and p rog ram s. T here i s  a  g r e a t e r  need f o r  
an sw erin g  q u e s tio n s  t h a t  h e r e to fo r e  have n o t been u n d e rtak en  re g a rd in g  
t im e , seq u en ce , and e f f e c t  o f  s t r e n g th  im provement on a t h l e t i c  
p e rfo rm an ce . T h is  i s  t r u e  in  b a l l i s t i c  ty p e  a t h l e t i c  e v e n ts .  Any 
e v id e n c e  th a t  may e i t h e r  su p p o rt o r  r e j e c t  th e  use o f  is o m e tr ic  
e x e r c i s e s  w i l l  u l t im a te ly  le a d  to  a  s a f e r ,  w is e r ,  and more s c i e n t i f i c  
approach  to  th e  te a c h in g  o f  p h y s ic a l  a c t i v i t y .
I I I .  LIMITATIONS OF THE STUDY
T h is  s tu d y  was done u t i l i z i n g  a  s ix —week t r a in i n g  program .
The s u b je c ts  were l im i te d  t o  a th r e e —day-a-w eek  t r a in i n g  program .
E ig h ty  s u b je c ts  were used and a lth o u g h  p e r f e c t  a t te n d a n c e  was 
r e a l i z e d  on th e  p a r t  o f  a11 th e  s u b je c t s ,  th e r e  was ev id en ce  t h a t  on 
o c c a s io n  some s u b je c ts  r e p o r te d  t o  c l a s s  and p a r t i c ip a te d  a lth o u g h  
th e y  had c o ld s  and had had an i n s u f f i c i e n t  amount o f  s le e p .  T h is  was 
n o t e x c e s s iv e ,  n o r  d id  any s tu d e n t  e v e r  p a r t i c i p a t e  who, in  th e  w r i t e r ' s  
o p in io n ,  was to o  i l l  to  a t t e n d  c l a s s .
On f iv e  o c c a s io n s  th e  c l a s s e s  had to  r e f r a i n  from  o u td o o r 
a c t i v i t y  and p a r t i c i p a t e  in  a u n iv e r s i ty  f i e l d  h o u se . The fo u r
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g ro u p s c o n tin u e d , how ever, in  th e  t r a i n i n g  program  and r e g u la r  c l a s s  
a c t i v i t y .
IV. BASIC ASSUMPTIONS
I t  was assum ed t h a t  th e  e ig h ty  p a r t i c i p a n t s  would d is p la y  a  
g r e a t  d e a l  o f  c o o p e ra tio n  and i n t e r e s t  th ro u g h o u t th e  s tu d y . A lthough 
o u ts id e  a c t i v i t i e s  were re c o g n iz e d  a s  b e in g  p o s s ib le  f a c t o r s  in  
a l t e r i n g  th e  p ro g re s s  o f  th e  p a r t i c i p a n t s ,  i t  was assumed t h a t  each 
s u b je c t  c o o p e ra te d  w h ile  o u ts id e  o f  c l a s s  and d id  n o t engage in  
a c t i v i t i e s  t h a t  w ould have a l t e r e d  h i s  p ro g re s s  d u r in g  th e  t r a in i n g  
p e r io d .
I t  was a l s o  assumed t h a t  each  s u b je c t  was e q u a l ly  m o tiv a ted  
to  perfo rm  up to  maximum a b i l i t y  d u r in g  bo th  t e s t i n g  s e s s io n s  and th e  
e n t i r e  t r a in i n g  s e s s io n  which were u n d e rtak en  in  t h i s  s tu d y .
V. DEFINITION OF TERMS USED
Iso m e tr ic  C o n tr a c t io n . Development o f  te n s io n  w ith o u t a 
s h o r te n in g  o f  th e  m uscle f i b e r . ^
S o fth jjl 1 Throw. An underhanded th row  w ith  th e  dom inant arm .
The e x e c u tio n  i s  perfo rm ed  a s  a  r e s u l t  o f  a  s t r i d e  s te p  and a  3 6 0 -d eg ree  
arm swing and r e l e a s e .
^Laurence E. Morehouse and A ugustus T. M i l l e r ,  J r . ,  P hygio logy  
o f  E x e rc is e  ( S t .  L o u is : The C. V. Mosby C o ., i9 5 9 )»  p . 27.
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F u n c tio n a l  I s o m e tr ic  C o n tr a c t io n . An iso m e tr ic  c o n t r a c t io n  
w ith  th e  m uscle  e x e r te d  in  a  p o s i t io n  a p p ro x im a tin g  t h a t  o f  a 
d e s i r e d  a c t i v i t y .
CHAPTER II
REVIEW OF RELATED LITERATURE
There h a re  been  many s tu d ie s  made re g a rd in g  th e  e f f e c t s  o f  
i s o m e tr ic  e x e r c i s e s .  The m a jo r i ty  o f  th e s e  r e s e a rc h  s tu d ie s  have 
beeq  u n d e rta k e n  to  d e te rm in e  s t r e n g th  g a in  e f f e c t s  o f  is o m e tr ic  
e x e r c i s e s .  In  p r e s e n t in g  th e  r e l a t e d  l i t e r a t u r e ,  an a tte m p t was 
made to  l i s t  th o s e  s tu d ie s  p e r t in e n t  to  th e  im m ediate p roblem  a t  
h an d . The th r e e  a r e a s  w ith  which t h i s  r e s e a r c h  s tu d y  was concerned  
a r e  p re s e n te d  u n d er th e  fo llo w in g  h e a d in g s :  ( l )  S tu d ie s  R e la te d  to  
I s o m e tr ic  S tre n g th  G a in s ; (2 ) S tu d ie s  R e la te d  to  I so m e tr ic  Program s 
and Movement; and (3 )  S tu d ie s  R e la te d  to  th e  E f fe c t  o f  I s o m e tr ic  
E x e rc is e s  and E ndurance.
r .  STUDIES RELATED TO ISOMETRIC STRENGTH GAINS
R esearch  s tu d ie s  have in d ic a te d  t h a t  is o m e tr ic  e x e r c i s e s  do 
prom ote th e  a t ta in m e n t o f  s t r e n g th .
R arick  and L arsen ^  found t h a t  a  s in g l e ,  d a i l y  s ix -s e c o n d  
is o m e tr ic  e x e r c is e  done a t  tw o - th i r d s  maximum te n s io n  i s  as e f f e c t i v e  
a s  more f re q u e n t  and more in te n s e  p e r io d s  o f  is o m e tr ic  e x e r c i s e s .
^Lawrence R arick  and Gene L. L a rse n , "O b se rv a tio n  on Frequency 
and I n te n s i t y  o f  I s o m e tr ic  M uscu lar E f f o r t  in  D evelop ing  M uscular 
S t r e n g th ,"  R esea rch  Q u a r te r ly . XXIX (O c to b e r , 1 9 5 8 ), 333-341 .
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S tre n g th  r e t e n t io n  was r e a l i z e d ,  how ever, in  th e  group e x e r c is in g  
more f r e q u e n t ly  and w ith  more in te n s e  is o m e tr ic  c o n t r a c t io n s .
In an e x p e r im e n ta l s tu d y  u n d e rta k e n  a t  th e  U n iv e r s i ty  o f  
Iow a, W blbers and S i l l s  conducted  an e ig h t-w eek  program  u s in g  
h ig h  sch o o l b o y s . Two g ro u p s o f  boys w ere g iv en  fo u r  t e s t s  o f  
s t r e n g th  p r io r  to  and a t  th e  c o n c lu s io n  o f  th e  e ig h t-w eek  p e r io d .  The 
e x p e r im e n ta l group was g iv en  e x e r c i s e s  in  th e  n a tu r e  o f  s t a t i c  m uscle 
c o n t r a c t io n s .  I t  was found t h a t  th e  s t a t i c  c o n t r a c t io n s  produced  a 
g a in  in  s t r e n g th  s ig n i f i c a n t l y  g r e a t e r  th a n  th e  c o n tr o l  g ro u p . The 
e x p e r im e n ta l g roup  c o n s is te d  o f  te n  s u b je c ts  and d u r in g  each d a i ly  
m ee tin g  f o r  e ig h t  w eeks, an a l l - o u t  e f f o r t  was en co u rag ed . The 
e x p e r im e n ta l group made g r e a t e r  g a in s  in  back l i f t ,  le g  l i f t ,  and th e  
com bined hand g r ip  t e s t  th an  th e  c o n t r o l  g ro u p . The c o n c lu s io n s  were 
t h a t  s t a t i c  m uscle c o n t r a c t io n s  o f  s ix -s e c o n d  d u r a t io n  cau se  s i g n i f i ­
c a n t  g a in s  in  s t r e n g th  and t h a t  one s ix -s e c o n d  is o m e tr ic  c o n tr a c t io n  
p e r  day w i l l  p roduce  s ig n i f i c a n t  g a in s  in  s t r e n g th .
T a y lo r ^  compared fo u r  is o m e tr ic  e x e r c is e  program s in  1954:
( l )  a maximum p u l l  f o r  tw e lv e  seco n d s; (2 ) a maximum p u l l  f o r  s ix  
seco n d s; (3 )  a  tw o - th i r d s  maximum p u l l  f o r  tw elve  sec o n d s; and (4 ) a 
tw o - th i r d s  maximum p u l l  f o r  s ix  se c o n d s . The s p e c i f i c  c o n c lu s io n s  were
^ C h a rle s  P . W olbers and Frank D. S i l l s ,  "Developm ent o f  S tre n g th  
in  High School Boys by S t a t i c  M uscle C o n t r a c t io n s ,"  R esearch  Q u a r te r ly . 
XXVII (D ecem ber, 1 9 5 6 ), 446-455 .
^Wil l ia m  Edward T a y lo r , "A S tudy  Comparing th e  E f f e c t iv e n e s s  o f  
Four S t a t i c  C o n tra c t io n  T ra in in g  M ethods f o r  In c re a s in g  th e  C o n t r a c t i l e  
S tre n g th  o f  Two Body Movements" (u n p u b lish e d  M.S. t h e s i s ,  P en n sy lv a n ia  
S ta te  U n iv e r s i ty ,  1954 ) t 86 pp .
T here was no s i g n i f i c a n t  d i f f e r e n c e  among th e  f o u r  s t a t i c  
c o n t r a c t i o n  m ethods u sed  f o r  th e  p u rp o se  o f  in c r e a s in g  
th e  c o n t r a c t i l e  s t r e n g t h  o f  m u sc le s  in v o lv e d  in  movement 
o f  r i g h t  w r i s t  d o r s a l - f l e x i o n .
The t r a i n i n g  m ethod o f  " tw o - th i r d s  maximum f o r  s ix  se c o n d s"  
was s i g n i f i c a n t l y  b e t t e r ,  a t  th e  .0 5  l e v e l  o f  c o n f id e n c e ,  
th a n  " tw o - th i r d s  maximum f o r  tw e lv e  se c o n d s"  f o r  th e  
p u rp o se  o f  in c r e a s in g  th e  c o n t r a c t i l e  s t r e n g t h  o f  th e  
m u sc le s  in v o lv e d  in  th e  movement o f  r i g h t  h ip  ou tw ard  
r o t a t i o n .
W ith th e  e x c e p t io n  o f  t h a t  n o te d  in  t h e  p re c e d in g  c o n c lu s io n ,  
no one o f  f o u r  s t a t i c  c o n t r a c t i o n  m ethods was s i g n i f i c a n t l y  
b e t t e r  th a n  each  o f  th e  o th e r s  f o r  t h e  p u rp o se  o f  in c r e a s in g  
th e  c o n t r a c t i l e  s t r e n g t h  o f  m u sc le s  in v o lv e d  in  movement 
o f  th e  r i g h t  h ip  o u tw ard  r o t a t i o n .
A ll  o f  th e  t r a i n i n g  m eth o d s, w ith  th e  e x c e p tio n  o f  " tw o - 
t h i r d s  maximum f o r  tw e lv e  s e c o n d s ,"  p ro d u ced  a  s i g n i f i c a n t  
im provem ent in  th e  c o n t r a c t i l e  s t r e n g t h  o f  m u sc le s  in v o lv e d  
in  movement o f  r i g h t  w r i s t  d o r s a l - f l e x i o n ,  in  co m p ariso n  
w ith  th e  c o n t r a c t i l e  s t r e n g th  o f  t h e  3ame m u sc le s  o f  a 
non—t r a i n e d  c o n t r o l  g ro u p .
Two o f  th e  f o u r  t r a i n i n g  m e th o d s, "maximum p u l l  f o r  tw e lv e  
seco n d s"  and "two—t h i r d s  maximum f o r  s i x  s e c o n d s ,"  p ro d u ced  
a  s i g n i f i c a n t  im provem ent in  r i g h t  hand o u tw ard  r o t a t i o n  
s t r e n g t h ,  in  co m p ariso n  w ith  th e  s t r e n g th  o f  t h e  c o n t r o l  g ro u p .
6 . The d i f f e r e n c e  in  f a v o r  o f  th e  e x p e r im e n ta l  g ro u p s  o v e r  
th e  c o n t r o l  g roup  d id  n o t a lw ays r e s u l t  in  a  c r i t i c a l  
r a t i o  s i g n i f i c a n t  a t  th e  .0 5  l e v e l ,  b u t  in  e v e ry  c a se  
th e r e  was a  h ig h e r  group mean f o r  th e  e x p e r im e n ta l  group 
th a n  f o r  th e  c o n t r o l  g ro u p .
Barham^ used  n in e ty  s u b je c ts  r e c r u i t e d  from p h y s ic a l  e d u c a tio n  
a c t i v i t y  c l a s s e s  to  com pare th e  e f f e c t iv e n e s s  o f  i s o m e tr ic  and 
i s o to n ic  e x e r c i s e s  when p erfo rm ed  a t  d i f f e r e n t  f r e q u e n c ie s  p e r  week 
in  th e  im provem ent o f  m u sc le  s t r e n g th  p e rfo rm a n c e .
S ix  e x p e r im e n ta l  g ro u p s  o f  f i f t e e n  s u b je c ts  in  e a ch -g ro u p  
w ere u s e d . Three g ro u p s  were g iv en  is o m e tr ic  e x e r c i s e s  and th r e e  
g ro u p s  w ere g iv e n  i s o to n ic  e x e r c i s e s .  The s i x  g ro u p s  u n d erto o k  
e x e r c i s e  program s ra n g in g  from  two to  f iv e  days a week.
I n i t i a l  and f i n a l  s t r e n g th  t e s t s  were g iv en  and th e  d i f f e r e n c e  
o f  th e  two t e s t s  was u sed  to  d e te rm in e  th e  e f f e c t s  o f  th e  s ix  t r a i n ­
in g  p ro g ram s. I t  was co n c lu d ed  t h a t :
1 . S ig n i f i c a n t  im provem ent in  m uscle  s t r e n g th  p e rfo rm an ce  may
be a ch iev ed  th ro u g h  th e  u se  o f  I s o m e tr ic  m ethods o f  
e x e r c i s e .
2 . The a d d i t io n  o f  i s o to n ic  e x e r c i s e s  to  one maximum is o m e tr ic
e x e r c is e  do es  n o t  s i g n i f i c a n t l y  a f f e c t  th e  amount o f
^ J e r r y  N. Barham, "A Com parison o f  th e  E f f e c t iv e n e s s  o f  
I s o m e tr ic  and I s o to n ic  E x e rc is e s  when P erfo rm ed  a t  D i f f e r e n t  F requenc 
p e r  Week* (D o c to ra l  d i s s e r t a t i o n ,  L o u is ia n a  S ta t e  U n iv e r s i ty ,  Baton 
R ouge, i9 6 0 ) ,  p . 56 .
s t r e n g th  im provement o b ta in e d  th ro u g h  th e  use  o f  is o m e tr ic  
e x e r c is e s  a lo n e .
3« There i s  no s ig n i f i c a n t  d i f f e r e n c e  in  th e  amount o f  s t r e n g th  
a c q u ire d  th ro u g h  e x e r c is e s  perfo rm ed  f iv e  days a  week and 
th e  amount o f  s t r e n g th  a c q u ire d  th ro u g h  e x e r c is e s  perform ed 
th re e  days a  week.
i*. The amount o f  s t r e n g th  a c q u ire d  th ro u g h  e x e r c is e s  perfo ra ted  
f iv e  days a  week and th r e e  days a  week i s  s i g n i f i c a n t l y  
g r e a t e r  th a n  th e  amount o f  s t r e n g th  a c q u ire d  th ro u g h  
e x e r c is e s  perfo rm ed  two days a  week.
New in s ig h t s  and added i n t e r e s t  in  t r a in i n g  w ith  iso m e tr ic  
e x e r c i s e s  began a f t e r  th e  ex p e rim en ts  and p u b l ic a t io n s  o f  M u e lle r  arid 
H e t t in g e r .^
These two r e s e a r c h e r s  i n t e n s i f i e d  e f f o r t s  o v er an e ig h te e n  
month p e r io d  u s in g  n in e  m ale s u b je c ts  in  sev en ty -o n e  s e p a ra te  
ex p e rim e n ts  in  which t r a in i n g  to o k  th e  form o f  p u l l in g  and h o ld in g  a 
p re d e te rm in ed  amount o f  te n s io n  a g a in s t  a  s p r in g  s c a le ,  by c o n tr a c t in g  
th e  f le x o r s  and e x te n s o rs  o f  th e  fo rea rm . T ra in in g  s c h e d u le s  ran  f i v e  
days a week and s t r e n g th  t e s t s  were re c o rd e d  on th e  s ix th  d ay .
The f in d in g s  o f  H e tt in g e r  and M u e lle r  have been summarized by 
S te in h a u s .^  T h is  summary i s  in c lu s iv e  up to  1955- S in ce  1955, many
^Theodor H e t t in g e r  and E. A. M u e lle r ,  "M u sk e lle is tu n g  and M uskel- 
t r a i n i n g , "  A r b e i t s p h y s io lo g le . XV (1 9 5 3 ), 111-126.
^ A rth u r S te in h a u s ,  " S tre n g th  from Morpurgo to  M u lle r— A H alf  
C en tu ry  o f  R e se a rc h ,"  J o u rn a l  o f  A s s o c ia t io n  f o r  P h y s ic a l  and M ental 
R e h a b i l i t a t i o n . IX (Septem ber -  O c to b e r , 195577” 147-150.
o f  th e  e a r l i e r  v ie w p o in ts  p r o je c te d  by M u e lle r  and H e t t in g e r  have 
been m o d ified  by M u e l l e r ? a n d  in  a r e c e n t  book by H e tt in g e r . '^
Some o f  th e  more im p o rta n t r e c e n t  c o n c lu s io n s  a r e :
1. The maximum t r a i n i n g  e f f e c t  p o s s ib le  was a ch ie v e d  by u s in g
o n ly  f o r ty  to  f i f t y  p e r  c e n t  o f  th e  maximum s t r e n g th  in  
v o lu n ta ry  is o m e tr ic  m uscle c o n t r a c t io n s .
2 .  No in c r e a s e s  o r  d e c r e a s e s  in  s t r e n g t h  a r e  o bserved  when
o n ly  tw en ty  to  t h i r t y  p e r  c e n t m uscle s t r e n g th  i s  u se d .
T h is  p e rc e n ta g e  o f  m u scu la r e x e r t io n  would a p p e a r  to  
ap p ro x im ate  norm al d a i ly  a c t i v i t y  d u r in g  which mere r e p e t i ­
t io n  o f  th e  same sub—maximal e f f o r t  c a u se s  no in c re a s e  o r  
d e c re a s e  in  m uscle s t r e n g th .
3. G radual l o s s e s  in m uscle s t r e n g t h  o c c u r  when l e s s  than
tw en ty  p e r  c e n t  o f  m uscle  i s  used .
U. Complete m uscu la r  f a t i g u e  i s  n o t  n e c e s s a ry  to  promote 
m uscle  s t r e n g t h .
5. A maximum is o m e t r ic  c o n t r a c t i o n  f o r  only  one to  two seconds
Is  s u f f i c i e n t  to  p ro v id e  a  t r a i n i n g  s t im u lu s .  A c o n t r a c t i o n  
o f  o n ly  tw o - th i r d s  o f  th e  maximum s t r e n g t h  shou ld  be
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E. A. M u e lle r , " T ra in in g  M uscle S t r e n g th ,"  E rgonom ics. II 
(F e b ru a ry , 1959)*
^E. A. M u e lle r , K. V e l t e r ,  E. B lum el, "T ra n sp o rt by M uscle Power 
Over S h o rt D is ta n c e s ,"  E rgonom ics, 1 (May, 1 9 5 8 ), 222.
^Theodor H e t t i n g e r ,  P h y s io lo g y  o f  S t r e n g th  ( S p r i n g f i e l d ,  I l l i n o i s  
C h a r le s  C. Thomas, B anners tone  House, 1 9 6 l ) .
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m a in ta in e d  f o r  ap p ro x im a te ly  fo u r  to  s ix  seco n d s .
M uscular c o n t r a c t io n s  o f  very  s h o r t  d u ra t io n s  have no 
e f f e c t  on s t r e n g th  p ro m o tio n .
6 . f t  was found t h a t  th e  maximum in c re a s e  in m uscle s t r e n g th
was o b ta in e d  w ith  one t r a i n i n g  s tim u lu s  p e r  d ay .
«
7- S e v e ra l  maximum c o n t r a c t io n s  in  s u c c e ss io n  d id  n o t in c re a s e  
s t r e n g th  o v e r  one maximum c o n t r a c t io n .
8 . I t  a p p e a rs  t h a t  th e  m uscle does n o t g a in  in  s t r e n g th  beyond 
one s tim u lu s  on th e  same d ay . Compared w ith  r e s u l t s  
o b ta in e d  from  o n c e -a -d a y  program , th e  s t r e n g th  g a in  was 
ab o u t e ig h ty  p e r  c e n t when t r a i n i n g  s e s s io n s  were h e ld  
o n ly  each second day ; w ith  two s e s s io n s  p e r  w eek, th e  
in c re a s e  was ab o u t s ix ty  p e r  c e n t ;  and when t r a in i n g  
s e s s io n s  were h e ld  once a  w eek, on ly  f o r ty  p e r  c e n t o f  
th e  s t r e n g th  g a in  was r e a l i z e d .  One t r a in i n g  s tim u lu s  
ev ery  f o u r te e n  days produced no change a t  a l l  in  m uscle 
s t r e n g th .
V. The av erag e  in  s t r e n g th  in c re a s e  p e r  week was found to  be
1 .79  p e r  c e n t w ith  a  s ta n d a rd  d e v ia t io n  o f  * 1 .2 0  p e r  c e n t .  
About t e n  p e r  c e n t o f  a l l  s u b je c ts  were e f f e c te d  o n ly  
s l i g h t l y  d u r in g  th e s e  t r a in i n g  p e r io d s ;  abou t tw e lv e  p e r  
c e n t showed v e ry  good t r a i n a b i l i t y , These s u b je c ts  
ev id en ced  s t r e n g th  g a in s  o f  more th a n  th r e e  p e r  c e n t p e r  
week.
10 . M uscle g roups in  in d iv id u a ls  in c r e a s e  in  s t r e n g th  a t  v a r io u s
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r a t e s .  Those m uscles t h a t  a r e  most used  in  d a i ly  l iv in g  
do n o t g a in  a s  much a s  do th o s e  m uscle g ro u p s t h a t  a re  
l e s s  f r e q u e n t ly  u sed .
11. M uscle g ro u p s t h a t  a re  in  an a tro p h ie d  s t a t e  may show a
g a in  in  s t r e n g th  o f  f iv e  to  s ix  tim e s  a s  g r e a t  as  does 
an u n tra in e d  norm al m uscle group in  a c o n d i t io n  o f  norm al 
s t r e n g th .
12. The in d iv id u a l  r e a c t s  in  a u n iq u e  manner to  d i f f e r e n t
t r a in i n g  s e s s io n s .
13. The n erv o u s system  seems to  be a  param ount f a c t o r  in
t r a i n a b i l i t y .
I k .  A r t i f i c i a l  u l t r a v i o l e t  r a d i a t io n  in  th e  w in te r  m onths
prom otes a  r a t e  o f  in c r e a s e  in  m uscle s t r e n g th  com parable 
to  t h a t  o b se rv ed  in  th e  summer m onths.
15. Women were l e s s  re sp o n s iv e  to  t r a in i n g  th an  men. Age
d e c re a se s  t r a i n a b i l i t y ,  and th e  id e a l  o r  maximum t r a i n a b i l i t y  
was found to  o ccu r betw een th e  ages o f  tw en ty  and t h i r t y .
Lorback^® showed s t a t i s t i c a l l y  s ig n i f i c a n t  in c r e a s e s  in s tr e n g th  
by a  s in g le  c o n tr a c t io n  h e ld  f o r  s ix  seconds a t  tw o - th i r d s  maximum 
th r e e  tim es  a  week. T h is  s tu d y  was done o v e r  an e ig h t-w eek  p e r io d  o f  
t r a i n i n g .
"^M elvin M. L orback , "A S tudy  Comparing th e  e f f e c t iv e n e s s  
o f  S h o rt P e r io d s  o f  S t a t i c  C o n tra c tio n  to  S tan d ard  W eight T ra in in g  
P ro c ed u re s  in  th e  Development o f  S tre n g th  and M uscle G ir th "  (u n p u b lish ed  
M.S. t h e s i s ,  P e n n sy lv a n ia  S ta te  U n iv e r s i ty ,  Ju n e , 1955)* p . 6 6 .
13
W a lte r s ,  e t  &L. 11 concluded  t h a t  an a tte m p te d  f u l l  is o m e tr ic  
c o n t r a c t io n  was found to  be more e f f e c t i v e  th an  th e  tw o - th i r d s  
maximum m ethod.
P e rk in s  and K a i s e r ^  used s ix  second maximum is o m e tr ic  
e x e r c i s e s  to  th r e e  m uscle g roups th r e e  tim e s  weekly w ith  o ld e r  
p eo p le  ( tw en ty  s u b je c t s ,  age ran g e  62- 8 4 , mean 73 . 6 ) and found th a t  
th e  s u b je c ts  showed a g a in  o f  ap p ro x im a te ly  f i f t y  p e r  c e n t in  
r e s i s t a n c e  a t  th e  tim e  o f p la te a u .
C la rk e"^  u n d erto o k  a  s tu d y  to  d e te rm in e  th e  r a t e  and p a t t e r n  
o f  f a t ig u e  and re co v e ry  f o r  bo th  s t a t i c  and dynamic e x e r c i s e s .
W ith t h i r t y  u n iv e r s i ty  s tu d e n ts ,  C la rk e  used  a C a l i f o r n ia  
s p r in g - lo a d e d  e rg o g rap h  to  re c o rd  p e rfo rm an ce . The s tu d e n ts  were 
p la c e d  in  two g ro u p s . One group perfo rm ed  dynamic work f o r  a  s ix -  
m in u te  p e r io d  d u r in g  which th e  s u b je c ts  m axim ally c o n tr a c te d  and 
r e le a s e d  th e  hand g r ip p in g  m uscles  once ev ery  two se c o n d s . Every 
t h i r t y  seconds a  s t r e n g th  re a d in g  was re c o rd e d . The second group p e r ­
form ed s t a t i c  work which c o n s is te d  o f  a  s in g le  c o n t r a c t io n  h e ld  
m axim ally  f o r  two m in u te s . S tre n g th  re c o rd in g s  were ta k e n  ev ery  f iv e  
seco n d s .
"*■̂ 0. E. W a lte rs ,  e t  £ l . , " E f fe c t  o f  S h o rt Bouts o f  I so m e tr ic  and 
I s o to n ic  C o n tra c tio n s  on M uscu lar S t re n g th  and E ndurance , 11 American 
J o u rn a l  o f  F h y s ic a l  M ed ic in e . XXXIX (A ugust, I9 6 0 ) ,  131-141 .
■^Lois C. P e rk in s ,  Helen L. K a is e r ,  " R e s u lts  o f  S hort-T erm  
I s o to n ic  and I s o m e tr ic  E x e rc is e  Program s in  P e rso n s  Over S ix ty ,"  The 
P h y s ic a l  Therapy R eview . XLI (S ep tem b er, 19 6 1 ), 633-635 .
^ D a v id  H. C la rk e , " S tre n g th  R ecovery from  S t a t i c  and EJynamic 
M uscu lar F a t ig u e ,"  R esearch  C}uarterlty . XXXIII (O c to b e r, 1962), 349.
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At th e  c o n c lu s io n  o f  each e x e r c is e  s e s s io n ,  th e  s u b je c t  was 
im m ediate ly  g iv en  a maximum s t r e n g th  t e s t ,  fo llo w e d  by a n o th e r  t e s t  
ev e ry  s ix ty  seconds f o r  te n  m in u te s . T h is  p ro ced u re  was re p e a te d  
u s in g  th e  same s u b je c t  one week l a t e r .
I t  was found in  t h i s  3tu d y  t h a t  reco v e ry  i s  much f a s t e r  in  
th e  case  o f  s t a t i c  f a t ig u e .
Two g ro u p s o f  te n  s u b je c ts  were used  in  a  s tu d y  to  d e te rm in e  
th e  r e l a t i v e  s t r e n g th  g a in s  r e s u l t i n g  from is o m e tr ic  and is o to n ic  
t r a in i n g  p ro g ram s. D ennison and o t h e r s ^  p la c e d  one group in  a w eigh t 
t r a in i n g  program  and th e  second group  perform ed th e  t h i r t e e n  e x e r c is e s  
o f  th e  Commander S e t ;  b o th  g roups met tw ic e  a  week f o r  e ig h t  w eeks.
Each group e x h ib i te d  s ig n i f i c a n t  im provem ents in  c h in n in g  and d ip p in g  
a b i l i t y  which im proved arm s t r e n g th .  No s ig n i f i c a n t  d i f f e r e n c e  was 
found betw een th e  im provem ents in  mean s c o re s  o f  th e  two g ro u p s .
In a  s tu d y  done to  d e te rm in e  th e  e f f e c t s  o f  is o m e tr ic  and 
i s o to n ic  e x e r c i s e s  on th e  elbow  f l e x o r  and sp in e  e x te n s o r  g ro u p s , 
A dam son^ co n c lu d ed  t h a t  a f t e r  a  fou r-w eek  t r a in i n g  p e r io d ,  th e  is o m e tr ic  
group g a in  was s l i g h t l y  g r e a t e r  th a n  th e  i s o to n ic  group g a in .  The 
d i f f e r e n c e  betw een th e  two g roups a f t e r  e ig h t  weeks o f  t r a i n i n g  was th e  
same a s  b e fo re  th e  ex p erim en t was s t a r t e d .
1AD. d . D enn ison , e t  a l . , " E f fe c t  o f  I so m e tr ic  and I s o to n ic  
E x e rc is e  Program s upon M uscular E n d u ran ce ,"  R esearch  Q u a r te r ly . XXXII 
(O c to b e r, 1 9 6 1 ), 348 -352 .
^ G .  T. Adamson, " E f f e c ts  o f  I s o m e tr ic  and I s o to n ic  E x e rc is e s  on 
Elbow F le x o r  and S p ine  E x te n so r M uscle G ro u p s,"  H ea lth  and F i tn e s s  in  
th e  Modem W orld (C h icago : A th le t i c  I n s t i t u t e ,  I 96I ) .
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Mathews and K rus*1^ ex p erim en ted  w ith  one hundred  and tw en ty  
m ale c o l le g e  s tu d e n ts .  Groups o f  s tu d e n ts  e x e r c is e d  tw o, t h r e e ,  
f o u r ,  and f iv e  tim e s  a  week u s in g  I so m e tr ic  and i s o to n ic  e x e r c i s e s .
I t  was found  t h a t  th e  is o m e tr ic  e x e r c i s e s  cau sed  a  g r e a t e r  number 
o f  s u b je c ts  to  g a in  s i g n i f i c a n t l y  in  s t r e n g th  th a n  d id  i s o to n ic  
e x e r c i s e s .  I t  was a ls o  found t h a t  a f iv e -d a y —a—week program  was 
more b e n e f i c i a l  in  developm ent o f  s tr e n g th  th a n  th e  two and th r e e — 
d ay -a—week p rog ram s.
In a  un ique  s tu d y  u s in g  two hundred and f o r ty  s u b je c ts ,
1.7A lo s t found no s i g n i f i c a n t  d i f f e r e n c e  betw een an is o m e tr ic  e x e r c is e  
program  and a ru n n in g  p rogram , i t  was a l s o  concluded  t h a t  im provem ents 
in  c a r d io v a s c u la r  c o n d i t io n  in c re a s e d  a s  th e  fre q u e n cy  o f  p r a c t i c e  
p e r io d s  was in c re a s e d  and t h a t  s t r e n g th  and ru n n in g  pe n o  nuance a re  
d i r e c t l y  r e l a t e d  to  freq u en cy  o f  p r a c t i c e  p e r io d s .
I I .  STUDIbS RELATED TO ISOMETRIC PROGRAMS AND MOVEMENT
ISIn  a  ten -w eek  is o m e tr ic  t r a in i n g  p rogram , Meadows used
"^D onald K. Mathews and R obert K ru se , " E f f e c ts  o f  I so m e tr ic  and 
I s o to n ic  E x e rc is e s  on Elbow F le x o r  M uscle G ro u p s ,"  R esearch  Q u a r t e r ly . 
XXVIII (M arch, 1 9 5 7 ), 2 6 -3 7 .
^ R o b e r t  A. A lo s t ,  "A S tudy o f  th e  E f f e c t  o f  I n i t i a l  C a rd io v a s c u la r  
C o n d it io n , l^ p e  o f  T ra in in g  Program  and Frequency o f  P r a c t ic e  P e r io d s  
Upon th e  C a rd io v a s c u la r  D evelopm ent o f  C o lle g e  Men" (D o c to ra l d i s s e r t a ­
t i o n ,  L o u is ia n a  S ta te  U n iv e r s i ty ,  Baton Rouge, 1 9 6 3 ).
l ft'‘' P a u l Eugene Meadows, "The E f f e c t  o f  I s o to n ic  and Is o m e tr ic  
M uscle C o n tra c t io n  T ra in in g  on S peed , F o rc e , and S tre n g th "  (m ic ro ca rd ed  
Ph.D . d i s s e r t a t i o n ,  U n iv e r s i ty  o f  I l l i n o i s ,  U rb a ra , 1 9 5 9 ), p . 95-
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f o o tb a l l  p la y e r s  to  d e te rm in e  th e  e f f e c t s  o f  i s o to n ic  and is o m e tr ic  
m uscle c o n t r a c t io n s .  H is s tu d y  was done on a  th re e -d a y —per-w eek 
t r a i n i n g  b a s is  and concerned  i t s e l f  w ith  th e  speed  o f  th e  o f f e n s iv e  
f o o tb a l l  c h a rg e , th e  fo rc e  o f  th e  f o o tb a l l  c h a rg e , c h in s ,  d ip s ,  
v e r t i c a l  jum p, le g  l i f t  and back l i f t .  Both is o to n ic  and is o m e tr ic  
g ro u p s  w ere found to  b r in g  ab o u t s ig n i f i c a n t  im provem ent.
M asley and o t h e r s ^  co n clu d ed  t h a t  a  s ix —week program  o f  w eigh t 
t r a in i n g  in c re a s e d  speed and c o o rd in a t io n  more th an  a l i k e  p e r io d  o f  
tim e engaged in  v o l l e y b a l l  o r  i n a c t i v i t y .  I t  was concluded  t h a t  
s t r e n g th  g a in  i s  a s s o c ia te d  d i r e c t l y  w ith  im provem ent in  m u scu la r 
c o o rd in a t io n  and speed o f  movement. G a l v i n ^  a l s o  s u b s ta n t ia te d  t h i s  
h y p o th e s is  w ith  h i s  f in d in g s  a f t e r  making a  s tu d y  in  which he em ployed 
m ale s u b je c ts  ra n g in g  in  age from fo u r te e n  to  e ig h te e n  y e a r s  o f  ag e . 
G alv in  in v e s t ig a te d  th e  in f lu e n c e  o f  a w e ig h t program  on m otor 
c o o r d in a t io n ,  speed  o f  movement, accu racy  and d e x t e r i t y .  He concluded  
t h a t  p r o g re s s iv e  r e s i s ta n c e  e x e r c is e s  s i g n i f i c a n t l y  in c re a se d  th e  
speed o f  movement o f  th e  g roup  used  in  th e  s tu d y .
In  an e a r ly  i n v e s t ig a t io n  th a t  co n cern ed  i t s e l f  w ith  s t r e n g th  
g a in  and speed  o f  m u scu la r c o n t r a c t io n ,  Zorbas and K a rp o v ic h ^  used
^ J o h n  W. M asley and o t h e r s ,  'W eigh t T ra in in g  in  R e la t io n  to  
S t r e n g th ,  S peed , and C o o rd in a t io n ,"  R esearch  Q u a r te r ly . XXIV (O c to b e r, 
1 9 5 3 ), 3 08 -315 .
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S idney  G a lv in , "An A n a ly s is  o f  th e  E f f e c t s  o f  P ro g re s s iv e  Heavy 
R e s is ta n c e  E x e rc is e  on th e  M otor C o o rd in a tio n  o f  a  Group o f  High School 
Boys, Ages F o u rte e n  to  E ig h te e n "  (m ic ro ca rd ed  D o c to ra l d i s s e r t a t i o n ,  
U n iv e r s i ty  o f  M ary land , C o lle g e  P a rk , 1 9 5 8 ), 96 p p .
^ W il l ia m  S . Z orbas and P e te r  V. K arp o v ich , "Tlie E f f e c t  o f  W eight 
L i f t i n g  Upon th e  Speed o f  M uscular C o n t r a c t io n ,"  R esearch  Q u a r te r ly . 
XXII (May, 1 9 5 1 ), 1 4 5 -U 8 .
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one group o f  men In  a  w eigh t t r a i n i n g  program  and a  c o n t r o l  g ro u p . 
These two r e s e a r c h e r s  concluded  t h a t  th e  e x p e r im e n ta l group was th e
f a s t e s t  in  r o ta r y  m o tio n s  o f  th e  arm.
22W ilk in  a tte m p te d  to  d e te rm in e  w hat e f f e c t  heavy e x e r c i s e s  
o f  a  r e s i s t a n t  n a tu re  would have on speed  o f  movement. He found 
t h a t  a w eigh t t r a i n i n g  program  d id  n o t i n h i b i t  speed o f  arm movements. 
I t  was a ls o  found t h a t  a w eigh t t r a in i n g  program  d id  n o t in c re a s e  
speed  o f  movement any more th an  a  l i k e  p e r io d  o f  t r a in i n g  in  swimming 
o r  g o l f .
E n d r e s ^  sough t to  d e te rm in e  th e  in f lu e n c e s  o f  w eig h t t r a in in g  
on speed  o f  elbow f le x io n  and e x te n s io n .  He found no d e t r im e n ta l  
e f f e c t s ;  on th e  c o n t r a r y ,  i t  was found t h a t  in c r e a s e s  in  speed o f  
movement due to  w eigh t t r a in i n g  were accom panied by marked in c re a s e s  
in  s t r e n g th .
111. STUDIES RELATED TO THE EFFECT OF ISOMETRIC 
EXERCISES AND ENDURANCE
The a v a i la b le  l i t e r a t u r e  t h a t  s u p p o r ts  th e  h y p o th e s is  t h a t  
program s o f  is o m e tr ic  t r a in in g  may cau se  changes in  m u scu la r endurance 
i s  g r a d u a l ly  in c r e a s in g .
^ B r u c e  H. W ilk in , "The E f f e c t  o f  W eight T ra in in g  on Speed o f  
Movement," R esearch  Q u a r te r ly . X XIII (O c to b e r, 1 9 5 2 ), 361-369.
John P au l E n d re s , "The E f f e c t  o f  W eight T ra in in g  E x e rc ise  
Upon th e  Speed o f  M uscular Movement" (m ic ro ca rd ed  M a s te r 's  t h e s i s ,  
U n iv e r s i ty  o f  W isco n sin , M adison, 19 5 3 ), 30 pp .
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W a lte r s ,  e t  4 1 . ^  concluded  t h a t  th e r e  i s  a tendency  f o r  th e  
p r e f e r r e d  and n o n -p re fe r re d  hand to  g a in  in  endurance  in  a l l  m ethods 
o f  is o m e tr ic  t r a in i n g  program s t h a t  were used  in  th e  s tu d y . Maximal 
is o m e tr ic  e x e r c is e s  and tw o - th i r d s  maximal is o m e tr ic  e x e r c is e s  were 
s tu d ie d .
T ra in in g  s u b je c ts  f iv e  tim e  a  week f o r  e ig h t  w eeks, Stoboy 
and F r ie d e b o ld ^  found t h a t  one te n -se c o n d  maximum is o m e tr ic  e x e r c is e  
d a i ly  prom oted en d u ran ce . T h is 3tudy  employed m easurem ent t h a t  was 
tim ed to  e x h a u s t io n .
B ae r, e t  4 1 . ^  a s s ig n e d  s ix ty - th r e e  s u b je c ts  to  b o th  i s o to n ic  
and is o m e tr ic  e x e r c is e s  which in v o lv ed  th e  w r i s t  f l e x o r s .  I t  was 
found t h a t  in c r e a s e s  in  endurance were g a in ed  by bo th  program s o f  
t r a in i n g .
Swegan*^ found th a t  is o m e tr ic  e x e r c is e s  b ro u g h t ab o u t m u scu la r 
endurance  s ig n i f i c a n t  a t  th e  .05  l e v e l  o f  c o n f id e n c e . Swegan concluded
^ W a l t e r ,  e t  4 I . , op . c i t . ,  XXXIX, H I .
^^N ussagen H. S toboy and G. F r ie d e b o id , "B ehav io r o f  Motor 
U n it Under I so m e tr ic  T r a in in g ,"  I n t . Z. A ngeir P h y s io l . .  XVII (1 9 5 9 ), 
391-399 .
a / .
A drian  D. B ae r, Jerom e W. G e rs te n , B arb ara  M. R o b e rtso n ,
H aro ld  D inken, " E f fe c t  o f  V ario u s  E x e rc is e  Program s on Iso m e tr ic  
T en sio n , Endurance aid R e a c tio n  Time in  Humans," A rch iv es  o f  P h y s ic a l  
M edicine and R e h a b i l i t a t i o n . XXXVI (A ugust, 1 9 5 5 ), 495-503 .
2?D onald Bruce Swegan, "The Com parison o f  S t a t i c  C o n tra c tio n  
w ith  S ta n d a rd  W eight T ra in in g  in  E f f e c t  on C e r ta in  Movements and 
E ndurance" (D o c to ra l d i s s e r t a t i o n ,  P e n n sy lv an ia  S ta t e  U n iv e r s i ty ,
1 9 5 7 ), p . 152.
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t h a t  is o m e tr ic  e x e r c is e s  were more e f f e c t i v e  f o r  d e v e lo p in g  endurance 
in  knee e x te n s io n  th a n  th e  c o n v e n tio n a l method o f  deep knee b en d s.
U sing i s o to n ic  e x e r c is e s  and two program s o f  is o m e tr ic  e x e r c is e s
(a  s in g le  c o n t r a c t io n  a  day and tw enty  c o n t r a c t io n s  a  day h e ld  fo r  s ix
\ 2 ftsec o n d s , fo u r  days a week f o r  tw e lv e  w eek sJ, Asa found t h a t  th e  
r e p e t i t i v e  is o m e tr ic  group  g a in ed  a s ig n i f i c a n t l y  h ig h e r  d eg ree  o f  
endurance  th a n  a  s in g le  is o m e tr ic  e x e r c is e  g ro u p . There was no 
s ig n i f i c a n t  d i f f e r e n c e  betw een th e  i s o to n ic  g roups in  th e  developm ent 
o f  en d u ran ce .
L a w re n c e ^  d is c o v e re d  t h a t  th e  endurance component o f  th e  
q u a d r ic e p s  m uscle r e a l i z e d  s ig n i f i c a n t  g a in s  a s  a  r e s u l t  o f  iso m e tr ic  
e x e r c i s e s .
Howell and o th e r s 3^ eq u a ted  th r e e  g ro u p s o f  e le v e n  s u b je c ts  
on th e  b a s is  o f  b ic y c l in g  f o r  two m in u tes  a t  fo u r te e n  k g . r e s i s t a n c e .  
Group One d id  w eigh t t r a i n i n g ,  Group Two d id  is o m e tr ic  e x e r c i s e s ,  and 
Group Three p a r t i c ip a te d  in  norm al a c t i v i t i e s .  A f te r  e ig h t  w eeks, i t  
was co n clu d ed  th a t  th e  e x p e r im e n ta l g ro u p s showed s t a t i s t i c a l l y  
s ig n i f i c a n t  im provement o v e r Group T h ree . There was no s ig n i f i c a n t
^M axim  M. A sa, "The E f f e c t s  o f  I so m e tr ic  and I s o to n ic  E x e rc is e s  
on th e  S tre n g th  o f  S k e le t a l  M uscle" (m ic ro ca rd ed  D o c to ra l d i s s e r t a t i o n ,  
S p r in g f ie ld  C o lle g e , 1 9 5 9 ), p . 142.
^ M a ry  S . Law rence, " S tre n g th e n in g  th e  Q u ad ricep s: P ro g re s s iv e ly  
P ro longed  I so m e tr ic  T ension  M ethod ," P h y s ic a l  Therapy Review . XXXVI1 
(O c to b e r , 1 9 5 6 ), 658 -661 .
3°M axwell L. Howell and o th e r s ,  " E f f e c t  o f  I so m e tr ic  and 
I s o to n ic  E x e rc is e  Program s Upon M uscular E n d u ran ce ,"  R esearch  Q u a r te r ly . 
XXXIII (Decem ber, 1 9 6 2 ), 536-540.
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d i f f e r e n c e  betw een th e  means o f  th e  d i f f e r e n c e s  betw een th e  i n i t i a l  
and f in a l  s c o re s  o f  th e  two e x p e r im e n ta l g ro u p s . J t  was a ls o  
co n c lu d ed , how ever, th a t  in c r e a s e s  in  m u scu la r endurance may be 
e f f e c te d  by c e r t a in  program s o f  is o m e tr ic  e x e r c i s e s  a s  w e ll as 
i s o to n ic  e x e r c i s e s .
jV. SUMMARY OF’ RELATED STUDIES
i t  seems to  be a p p a re n t t h a t  iso m e tr ic  e x e r c i s e s ,  when p ro p e r ly  
e x e c u te d , prom ote s t r e n g th  g a in  in  th e  human b e i n g . T h e  b y -p ro d u c ts  
o f  s t r e n g th  w ith  r e l a t i o n  to  p h y s ic a l  p e rfo rm an ce , in  some in s ta n c e s ,  
p o in t  up p o s i t i v e  r e s u l t s .  The amount o f  s t r e n g th  needed  to  d e la y  
f a t ig u e  i s  n o t w holly  known and th e  in te rd e p e n d e n c e  o f  th e  body system s 
p r e s e n ts  a  complex prob lem . That s t r e n g th  i s  im p o rtan t in  p h y s ic a l  
perfo rm ance  can n o t be d e n ie d . That s t r e n g th  o f  an abundant n a tu re  i s  
a d e tr im e n t has been d i s p r o v e n .^  S tu d ie s  concerned  w ith  iso m e tr ic  
e x e r c is e s  and speed^-' i n d ic a te  t h a t  p o s i t i v e  g a in s  a re  r e a l i s e d .  That 
endurance may be g a in ed  th ro u g h  is o m e tr ic  e x e r c is e s  h as  been found to  
be t r u e  a s  a  r e s u l t  o f  e ig h t  s t u d i e s . ^
-̂ S u p r a . R arick  and I ,a rse n , W olbers and f i l l s ,  T a y lo r , Barham, 
H e t t in g e r ,  M u e lle r , S te in h a u s ,  L orback , W a lte r s ,  P e rk in s  and K a is e r , 
C larice , D ennison, Adamson, Mathews and K ru se , and A lo s t.
oo
i lu p r a . W ilk in , E n d re s , G a lv in , M asley.
- ^ S u p ra . Meadows, M asley , G a lv in , Z orbas and K arp o v ich , and 
E n d res .
3^ S u p ra . W a lte rs ,  S toboy , e t  a l . , B ae r, Swegan, A sa, Law rence, 
H ow ell, and D ennison.
CHAPTER 1] I
PROCEDURE OF THE 3TUDY
The s u b je c ts  U3ed in  t h i s  s tu d y  w ere p la c e d  in  fo u r  g roups 
in  o r d e r  to  d e te rm in e  th e  e f f e c t s  o f  is o m e tr ic  e x e r c i s e s  on th ro w in g  
f o r  d i s ta n c e  and c o n t in u in g  to  th row  f o r  d i s t a n c e .  One group 
perfo rm ed  is o m e tr ic  e x e r c i s e s  o n ly ;  a  second group perfo rm ed  is o m e tr ic  
e x e r c i s e s  and p r a c t i c e d  th ro w in g  a  s o f t b a l l  underhand f o r  maximum 
d is t a n c e ;  a  t h i r d  g roup  engaged in  th ro w in g  a  s o f t b a l l  underhand f o r  
maximum d is ta n c e ;  and a  fo u r th  group se rv e d  a s  a  c o n t r o l  g ro u p .
P r io r  to  and a f t e r  a  s ix -w eek  t r a i n i n g  program , a l l  s u b je c ts  
w ere g iv en  t e s t s  on arm s t r e n g th ,  le g  s t r e n g th ,  and a ls o  a  t e s t  to  
d e te rm in e  each s u b j e c t 's  a b i l i t y  to  th row  f o r  d i s ta n c e .
I . SUBJECTS
E ig h ty  c o l le g e  men were used in  t h i s  s tu d y .^  The s u b je c ts  
v o lu n te e re d  f o r  th e  s tu d y  a f t e r  an in t ro d u c to r y  i n v i t a t i o n  d u r in g  
r e g i s t r a t i o n  week p r i o r  to  th e  f i r s t  week o f  th e  f a l l  term  a t  I l l i n o i s  
S ta t e  U n iv e r s i ty ,  N orm al. The s u b je c ts  were in v i te d  to  p a r t i c i p a t e  
and w ere a cc e p te d  o n ly  a f t e r  an u n d e rs ta n d in g  was re ac h ed  re g a rd in g  
a t te n d a n c e ,  h o n e s ty , c o o p e ra tio n  and a l l - o u t  e f f o r t  th ro u g h o u t th e
^-Three s u b je c ts  were e l im in a te d  a t  random from th e  s tu d y  so t h a t  
e q u a l numbers in  a l l  g ro u p s m ight be u sed .
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s tu d y . A ll s u b je c ts  w ere n o n -p h y s ic a l  e d u c a tio n  m ajo rs  o r  m ino rs  and 
ag re ed  to  r e f r a i n  from any s t r e n g th  developm ent program s and o u ts id e  
p h y s ic a l  a c t i v i t i e s  a s id e  from th e  a c t i v i t i e s  d u r in g  th e  c l a s s  
m e e tin g s . The e ig h ty  s u b je c ts  were o b ta in e d  from th r e e  p h y s ic a l  
e d u c a tio n  s e rv ic e  c l a s s e s .  The c la s s  a c t i v i t i e s  in  which th e  s tu d e n ts  
w ere engaged were s o c c e r ,  a r c h e ry ,  and t e n n i s .  C la s s  p e r io d s  f o r  a l l  
th r e e  c l a s s e s  were f i f t y  m in u tes  in  d u r a t io n  and met th r e e  tim e s  p e r  
week. T"' p ro v id e  f o r  th e  p o s s i b i l i t y  t h a t  s t r e n g th  in  in d iv id u a ls  
m igh t be a t t a in e d  more from  p a r t i c i p a t i o n  in  one a c t i v i t y  th a n  in  
a n o th e r ,  s u b je c ts  w ere p la c e d  in  each o f  fo u r  g roups a s  fo llo w s :
Group A. Seven s u b je c ts  were chosen  from  th e  s o c c e r  c l a s s ,  seven 
s u b je c ts  w ere chosen from th e  a rc h e ry  c l a s s ,  and s ix
s u b je c ts  were chosen from th e  te n n i s  c l a s s .
Group B. S ix  s u b je c ts  were chosen from th e  so c c e r  c l a s s ,  seven
s u b je c ts  w ere chosen  from th e  a rc h e ry  c l a s s ,  and seven
s u b je c ts  w ere chosen from th e  te n n is  c l a s s .
Group C. Seven s u b je c ts  were chosen from th e  3o c c e r  c l a s s ,  s ix
s u b je c ts  were chosen from th e  a rc h e ry  c l a s s ,  and seven
s u b je c ts  w ere chosen  from th e  te n n is  c l a s s .
Group D. S ix  s u b je c ts  w ere chosen  from th e  so c c e r  c l a s s ,  seven
s u b je c ts  were chosen  from th e  a rc h e ry  c l a s s ,  and seven
s u b je c ts  were chosen  from th e  t e n n i s  c l a s s .
The p lacem en t o f  each  s u b je c t  in  a  t r a in i n g  program  group 
was done p r io r  to  th e  i n i t i a l  t e s t i n g  program . S in c e  two g ro u p s  were 
to  be engaged in  a  th ro w in g  program , an a tte m p t was made to  in c lu d e
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th o s e  s u b je c ts  f o r  th e  th ro w in g  g ro u p s who d id  n o t have e i t h e r  a  
c l a s s  p r io r  to  o r  a f t e r  th e  a c t i v i t y  c l a s s  in  which th e  s u b je c ts  
were en g ag ed . T h is  was a tte m p te d  b ecause  o f  th e  tim e needed in  th e  
p r a c t i c e  th ro w in g  a s p e c t  o f  th e  t r a i n i n g  program . With t h i s  in  m ind, 
th e  s u b je c ts  w ere a s s ig n e d  to  th e  fo llo w in g  g ro u p s:
Group A. The s u b je c ts  in  Group A p a r t i c ip a t e d  in  th e  is o m e tr ic
e x e r c is e  program . T h is  program  c o n s is te d  o f  th r e e  arm 
e x e r c is e s  done w ith  th e  dom inant arm and one le g  e x e r c is e  
done w ith  each  l e g .  T h is  was done in  a d d i t io n  to  th e  
c l a s s  a c t i v i t y  o f  3o c c e r ,  a r c h e ry ,  o r  t e n n i s ,  depending  
upon th e  s t u d e n t 's  c l a s s  a ss ig n m en t.
Group B. The s u b je c ts  in  t h i s  group p a r t i c ip a t e d  in  th e  is o m e tr ic  
e x e r c is e  program  and a  s o f t b a l l  th row  f o r  d is ta n c e  
program . The is o m e tr ic  e x e r c is e  program  was i d e n t i c a l  
to  t h a t  o f  Group A. The s o f t b a l l  p r a c t i c e  p e r io d  c o n s is t ­
ed o f  p a ir e d  s u b je c ts  p r a c t i c in g  th ro w in g  a r e g u la t io n  
s o f t b a l l  f o r  maximum d is ta n c e  e ig h ty  tim e s  each  c l a s s  
m ee tin g .
Group C. The s u b je c ts  in  Group C .p a r t i c ip a te d  in  a  s o f t b a l l  throw  
f o r  maximum d is ta n c e  each p e r io d  th e  c l a s s  m et. T h is 
th ro w in g  program  was i d e n t i c a l  to  t h a t  o f  Group B. The 
s u b je c ts  a ls o  p a r t i c ip a te d  in  t h e i r  r e g u la r  p h y s ic a l  
e d u c a tio n  a c t i v i t y  c l a s s .
Group 0 . The s u b je c ts  in  Group D se rv e d  a s  a  c o n t r o l  g ro u p . These 
s u b je c ts  d id  p a r t i c i p a t e  in  th e  a c t i v i t y  f o r  which th ey
. were e n r o l le d  b u t d id  n o t engage in  e i t h e r  th e  iso m e tr ic  
e x e rc is e  program  o r  th e  s o f t b a l l  th row  f o r  maximum 
d is ta n c e  program .
i
I I .  TESTING EQUIPMENT
C able T e n sio m e te r . T his p ie c e  o f  equipm ent was o r ig i n a l l y  
d e s ig n e d  f o r  a i r c r a f t  c a b le  te n s io n  s p e c i f i c a t i o n s .  The C able 
T en sio m ete r re c o rd s  te n s io n  th ro u g h  a ran g e  o f  te n  to  two hundred 
pounds. T h is  te n s io m e te r  was th e  C-S ty p e  and was produced by th e  
Wac E n g in e e rin g  Company a t  D ayton, O hio.
Iso m e tr ic  E x e rc is e  B e l t . Throughout th e  t r a in i n g  program , 
te n  is o m e tr ic  e x e r c is e  b e l t s  were p ro v id e d . These b e l t s  c o n s is te d  
o f  a  co n tin u o u s  b e l t  webbing one inch  wide and f o r ty - e ig h t  in ch es  
in  le n g th .  A two in ch  by fo u r  and t h r e e - q u a r t e r  in c h  p ie c e  o f  
wood was secu red  to  th e  webbing 30 t h a t  th e  in s te p  o f  th e  fo o t  m ight 
be i n s e r t e d .
Iso m e tr ic  T e s tin g  B e lt  f o r  Leg S t r e n g th . A le n g th  o f  b e l t  
webbing was removed from  an iso m e tr ic  b e l t ,  and an eq u a l le n g th  o f  
o n e - s ix te e n th  in ch  a i r p la n e  c a b le  was s u b s t i tu te d  in  i t s  p la c e .  T his 
p ro v id e d  f o r  a s ta n d a rd  le n g th  used  f o r  th e  t r a in i n g  and t e s t i n g  o f 
s u b je c t s .  The o n e - s ix te e n th  inch  a i r p la n e  c a b le  a t ta c h e d  to  th e  
is o m e tr ic  t r a in i n g  b e l t  made i t  p o s s ib le  to  d e te rm in e  th e  te n s io n  
e x e r te d  by th e  s u b je c t s .
Iso m e tr ic  T e s tin g  B e lt  f o r  Arm S t r e n g th . An e ig h te e n  inch  
le n g th  o f  o n e - s ix te e n th  in ch  a i r p la n e  c a b le  was se cu red  to  an e ig h te e n
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in ch  le n g th  o f  w elded c h a in  a t  one end and a  web b e l t  a t  th e  o th e r  
end .
The a p p a ra tu s  used  f o r  th e  le g  and arm s t r e n g th  t e s t s  i s  
shown in  F ig u re  1 , page 2 6 .
111. STRENGTH TESTING PROCEDURE
S in ce  two g ro u p s used  is o m e tr ic  e x e r c is e s  in  t h i s  s tudy  
and two g ro u p s d id  n o t ,  i t  was f e l t  t h a t  a l l  f o u r  g roups shou ld  be 
t e s t e d  f o r  s t r e n g th .  The s t r e n g t h - t e s t i n g  r e s u l t s  o f  th e  is o m e tr ic  
e x e r c is e  g roups would th e r e f o r e  d e te rm in e  w h e th e r s t r e n g th  g a in  was 
r e a l i z e d  a s  a  r e s u l t  o f  th e  is o m e tr ic  e x e r c i s e s .  A lthough no e x e r c is e s  
were done by th e  o th e r  two g ro u p s , s t r e n g th  t e s t s  were ta k e n . I t  
was f e l t  t h a t  sh o u ld  s t r e n g th  g a in s  be found in  th e  l a t t e r  two g ro u p s , 
l e s s  im portance sh o u ld  be p la c e d  on th e  r e s u l t s  o f  s t r e n g th  a tta in m e n t 
o f  th e  fo u r  g ro u p s in v o lv e d .
The A i r c r a f t  C able T en sio m ete r was used  to  t e s t  b o th  le g  and 
arm s t r e n g th .  S in ce  th e  A i r c r a f t  C able T en sio m ete r gauge h as  an 
a r r e s t o r  on th e  n e e d le ,  a c c u ra te  re a d in g s  were easy  to  o b ta in .
Arm S tre n g th  T e s t . For t h i s  t e s t  o f  s t r e n g th ,  th e  s u b je c t  
was re q u e s te d  t o  assume a  p o s i t io n  ap p ro x im a tin g  an underhand s o f t b a l l  
th ro w , lh e  s u b je c t  in s e r te d  h i s  hand in to  th e  web h a rn e s s  and a  loop  
snubber was s l ip p e d  down th e  h a rn e s s  webbing to  se c u re  th e  s u b j e c t 's  
w r i s t  in  th e  h a r n e s s .^  The s u b je c t  was p la c e d  in  a  p o s i t io n  w ith  h i s
*TI. H a rriso n  C la rk e , C ab le -T en sio n  S tre n g th  T e s ts  (C h ico p ee , 
M a ssa c h u se tts :  Brown-Murphy C o .,  1 9 5 3 ), pp . 1 -4 .
F ig u re  1 . T e s tin g  a p p a ra tu s  used f o r  is o m e tr ic  t e s t i n g  and 
is o m e tr ic  e x e r c i s e s .  From l e f t  t o  r i g h t :  arm s t r e n g th  a p p a r a tu s ,  
le g  s t r e n g th  a p p a ra tu s ,  is o m e tr ic  t r a i n i n g  b e l t  and A i r c r a f t  C able 
T en sio m e te r.
27
dom inant arm p a r a l l e l  to  th e  f l o o r ,  o r  in  a  p o s i t io n  ap p ro x im a tin g  
t h a t  o f  a  p e rso n  s t a r t i n g  th e  downward sw ing o f  th e  arm in  e x e c u tin g  
an underhand s o f t b a l l  th ro w . The s e c t io n  o f  ch a in  l i n k s  was used 
to  a d ju s t  th e  t e s t i n g  s t r a p  f o r  th e  v a r ia n c e  in  h e ig h t  o f  th e  
s u b je c t s .  Once th e  s u b je c t  was in  th e  p ro p e r  p o s i t io n  f o r  t e s t i n g ,  
th e  number o f  th e  c h a in  l in k  used  in  th e  a d ju s tm en t was re c o rd e d  f o r  
f u tu r e  r e fe r e n c e  so t h a t  a  s ta n d a rd iz e d  p o s i t io n  m ight be d u p l ic a te d  
f o r  su b seq u en t t e s t s  th ro u g h o u t th e  t r a i n i n g  program .
The arm s t r e n g th  t e s t s  w ere a d m in is te re d  in  th e  p h y s ic a l
e d u c a tio n  f ie ld h o u s e  a t  I l l i n o i s  S ta te  U n iv e r s i ty .  The s i t e  was a t
th e  b ase  o f  an " I ” beam. Each s u b je c t  was g iv en  th e  fo llo w in g  
*
i n s t r u c t i o n s :  "You a r e  to  p re te n d  you a r e  g o in g  to  th row  a b a l l  
underhand a s  f a r  a c ro s s  th e  f ie ld h o u s e  a s  p o s s ib le .  Your arm i s  
a r r e s t e d  and you m ust e x e r t  w ith  y o u r f i s t  a g a in s t  th e  " I "  beam. Do 
n o t bend y o u r  elbow o r  • c u r l '  y o u r w r i s t . "
The s u b je c t  was g iv en  two t r i a l s  f o r  th e  arm s t r e n g th  t e s t ,  
and th e  g r e a t e r  re a d in g  o f  th e  two was re c o rd e d .
The m easu rin g  d e v ic e  used  to  d e te rm in e  th e  s t r e n g th  sc o re  
was a  c a b le  te n s io m e te r  and th e  re a d in g s  ta k e n  from  th e  gauge were 
in  pounds. Once th e  s u b je c t  was c o n s id e re d  to  be in  th e  p ro p e r  
p o s i t i o n ,  th e  t e s t e r  gave th e  s u b je c t  a v e rb a l  command to  e x e c u te  
th e  downward s t r e s s .  The c a b le  te n s io m e te r  was clam ped o n to  th e  c a b le  
o f  th e  h a rn e s s  and a t  maximum e x e c u tio n , th e  t e s t e r  s e t  th e  " lo c k "  on 
th e  re a d in g  gauge . The " lo c k "  s e t  on th e  c a b le  te n s io m e te r  e n ab led  th e  
t e s t e r  to  o b ta in  an e x a c t  r e a d in g .
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The p ro c e d u re  u sed  in  t e s t i n g  arm  s t r e n g th  i s  shown in  
F ig u re  2 ,  page 2 9 .
Leg S t r e n g th  T e s t . U sin g  an  is o m e tr ic  b e l t  w ith  a  s e c t io n  
c u t  o u t  and  r e p la c e d  by o n e - s ix te e n th  in c h  a i r p l a n e  c a b l e ,  th e  
s u b je c t s  w ere t e s t e d  f o r  l e g  s t r e n g t h .^  The b e l t  was p la c e d  u n d e r  
th e  s u b j e c t ' s  i n s t e p  o f  th e  d o m in an t l e g  and o v e r  th e  l e g  in  a  b en t 
p o s i t i o n .  The i s o m e t r i c  b e l t  was p la c e d  a s  f a r  up in to  th e  a r e a  o f  
t h e  g ro in  a s  p o s s i b l e  so t h a t  each  s u b je c t  w ould have a  s ta n d a rd  
p o s i t i o n  in  w hich  t o  be  t e s t e d  and so t h a t  t h e  s u b je c t  d o in g  is o m e tr ic  
e x e r c i s e s  in  th e  t r a i n i n g  program  w ould be a b le  t o  d u p l i c a t e  th e  
p o s i t i o n  o f  th e  l e g .
The s u b je c t  w ith  t h e  i s o m e t r ic  c a b le  b e l t  in  p la c e  and 
s i t t i n g  on a  c h a i r  was i n s t r u c t e d  to  e x e c u te  a  maximum a t te m p t  to  
e x te n d  th e  l e g  upon conm and. The s u b je c t  was i n s t r u c t e d  to  g ra s p  
th e  u n d e r  s id e  o f  th e  c h a i r  w ith  b o th  hands f o r  th e  p u rp o se  o f  
s t a b i l i t y .
The p ro c e d u re  u se d  to  t e s t  l e g  s t r e n g th  i s  shown in  F ig u re  3» 
page 3 0 .
Throw f o r  D is ta n c e  T e s t . T h is  t e s t  was a d m in is te r e d  in  a  
f ie ld h o u s e  on th e  campus a t  I l l i n o i s  S t a t e  U n iv e r s i ty .  Two s t a t i o n s  
w ere u se d  a l lo w in g  two s u b je c t s  t o  be t e s t e d  a t  a  t im e .  S in c e  th e  
e n t i r e  e ig h ty  s u b je c t s  w ere g iv e n  t h i s  t e s t  p r i o r  t o  and  a t  th e  
c o n c lu s io n  o f  th e  t r a i n i n g  p ro g ram , an  e x p e d i t io u s  p ro c e d u re  was n e e d e d .
3 I n i t i a l  and f i n a l  s t r e n g t h  s c o r e s  a r e  shown in  A ppend ixes I ,  J ,
K, L.
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F ig u re  3 . T e s t in g  a p p a r a tu s  and p o s i t i o n  o f  s u b je c t  f o r  
m easurem ent o f  l e g  s t r e n g t h .
>1
A s t a t i o n  c o n s is te d  o f  th e  fo llo w in g  i te m s :
1 . P i tc h in g  R ubber. A tw e n ty - fo u r  by s ix  inch  o n e - q u a r te r  
in ch  plywood board  se c u re d  to  a b la c k  to p  s u r fa c e  was u sed .
2 . S o jf tb ^ l ls .  N in e ty  r e g u la t io n  tw e lv e  inch  s o f t b a l l s  were 
u se d . The s o f t b a l l s  were cau g h t a f t e r  th e y  had bounced once on th e  
b la c k - to p  s u r fa c e  and w ere p la c e d  in  c o n ta in e r s .  P e r io d i c a l ly ,  th e  
b a l l s  w ere r e tu rn e d  to  th e  th ro w in g  s t a t i o n s .  S u b je c ts  o th e r  th a n  
th e  two b e in g  t e s t e d  a t  th e  moment se rv e d  a s  r e t r i e v e r s .
3 . Timing D ev ice . S in ce  th e  s u b je c ts  th rew  e ig h ty  t im e s  f o r  
d i s t a n c e  a t  s ix -s e c o n d  i n t e r v a l s ,  one member o f  th e  t e s t i n g  team  s a t  
b e s id e  th e  s u b je c t  and in s t r u c t e d  him to  th row  on tim e  from  re a d in g s  
ta k e n  from a  s to p  w atch .
4 . H eigh t S ta n d a rd . S in ce  maximum d is ta n c e  i s  a t t a in e d  when 
th ro w in g  b a l l  ty p e  o b je c t s  a t  ap p ro x im a te ly  a  f o r t y - f i v e  d eg ree  
a n g le ,^  a  rope was s t r e t c h e d  a c ro s s  th e  p a th  o f  th e  th ro w in g  s t a t i o n  
tw e lv e  f e e t  from  th e  p i tc h in g  ru b b e r . The ro p e  was s t r e t c h e d  a t  a  
h e ig h t  o f  n in e  and o n e - h a l f  f e e t  so t h a t  some a llo w an ce  f o r  human 
e r r o r  m ight be made in  d u p l ic a t in g  e x a c t ly  an a n g le  o f  f o r t y - f i v e  
d e g r e e s .
5 . F lo o r  M arkings f o r  D is ta n c e . A two inch  wide w h ite  ta p e  
m arked o f f  a t  i n t e r v a l s  o f  one fo o t  up to  one hundred  s e v e n ty - f iv e  
f e e t  was p la c e d  le n g th w ise  on th e  f ie ld h o u s e  f l o o r .  N in ety  d eg ree
^*John W. Bunn, S c i e n t i f i c  P r in c ip l e s  o f  Coaching (Knglewood 
C l i f f s ,  New J e r s e y :  P r e n t ic e - H a l l ,  I n c . ,  1962T, p . 147-
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l i n e s  were drawn from  t h i s  s t r i p  o f  ta p e  and d is ta n c e s  were numbered 
a t  th e  extrem e s id e s  o f  th e  th ro w in g  a re a  in  g ra d u a tio n s  o f  f iv e  
f e e t  in  ch a lk  on th e  f ie ld h o u s e  f l o o r .  No d i f f i c u l t y  w hatsoever was 
ex p e rien ced  in  d e te rm in in g  th e  d is ta n c e s  o f th e  throw n s o f t b a l l s .  
D is tan c e s  were reco rd ed  to  th e  n e a r e s t  f o o t .
6 . A d m in is tra tio n  o f  S o f tb a l l  Throw. P r io r  to  ta k in g  th e  
s o f t b a l l  throw  f o r  d i s ta n c e ,  each s u b je c t  was g iv en  th e  fo llo w in g  
in s t r u c t io n s :
You a re  to  th row  underhand e ig h ty  tim es  f o r  maximum d is ta n c e .  
The t im e r  w i l l  v e rb a l ly  in fo rm  you when to  th ro w . A f te r  each 
throw  you w i l l  reach  to  th e  b a sk e t b e s id e  y o u r p i tc h in g  ru b b e r 
and p ick  up a n o th e r  b a l l ;  th e  t im e r  w i l l  say 'G et re a d y ' a t  th e  
f i f t h  second and o rd e r  you to  throw  a t  th e  a r r i v a l  o f  th e  s ix th  
seco n d .
The rope  s t r e tc h e d  a c ro s s  th e  f r o n t  o f  th e  p i tc h in g  ru b b e r  i s  
a  g u id e . I f  you throw  j u s t  o v e r  th e  ro p e , y o u r th row  w i l l  
approx im ate  a  f o r ty - f iv e  d eg ree  an g le  which w i l l  g iv e  maximum 
d is ta n c e ,  i f  you l e t  go o f  th e  b a l l  to o  soon , th e  throw n b a l l  
w i l l  go s t r a i g h t  o u t on a  l i n e ;  i f  you ho ld  on to  th e  b a l l  to o  
lo n g , th e  throw n b a l l  w i l l  go s t r a ig h t  up . Make ev ery  e f f o r t  
to  j u s t  c l e a r  th e  ro p e . I f  th e  b a l l  s l i p s  o u t o f  th e  hand 
d u rin g  any t r i a l ,  th a t  t r i a l  w i l l  n o t be reco rd ed  and a 
s u b s t i t u t e  t r i a l  w ill  be a llo w ed .
You w i l l  s tan d  on th e  p i tc h in g  ru b b er w ith  bo th  f e e t  fa c in g  
th e  d i r e c t io n  you a re  to  th ro w . You w il l  h o ld  th e  b a l l  in b o th  
hands j u s t  below th e  w a is t .  Upon th e  command o f  th e  t im e r ,  you 
w i l l  ta k e  one 's t r i d e  s t e p ' and one com plete 'a rm  sw ing ' and 
throw  th e  b a l l .  You w i l l  th row  e ig h ty  c o n se c u tiv e  t im e s , one 
throw  ev ery  s ix  seco n d s. Throw f o r  maximum d is ta n c e  from th e  
f i r s t  th ro w . Do n o t pace y o u r s e l f .  Try to  th row  down th e  f lo o r  
o v e r  th e  w h ite  ta p e .  A gain , do n o t pace y o u r s e l f .
IV. IGOMETRiC hXhRCISE PROGRAM
Five fu n c t io n a l  Iso m e tr ic  e x e r c is e s  were p r a c t ic e d  by a l l  
s u b je c ts  in  two g ro u p s . These s u b je c ts  perform ed one le g  e x e rc is e
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on b o th  le g 3  and th r e e  arm e x e r c i s e s  on th e  dom inant arm . The 
e x e r c is e s  were perform ed f o r  te n -se c o n d  d u r a t io n s  and w ith  an a tte m p t 
tow ard maximum e f f o r t .  These e x e r c is e s  w ere done th r e e  days a  week 
f o r  a p e r io d  o f  s ix  w eeks. Iso m e tr ic  b e l t s  made o f  webbing and 
a t ta c h e d  wooden b lo c k s  were em ployed f o r  th e  e x e r c i s e s .  The s u b je c ts  
a s s i s t e d  one a n o th e r  in  e x e c u tin g  th e  arm e x e r c i s e s .  The leg  
e x e r c is e s  w ere done in d e p e n d e n tly . The s u b je c ts  perform ed th e  
e x e r c is e s  a t  th e  c o n c lu s io n  o f  c l a s s  p a r t i c ip a t i o n  in  t h e i r  r e g u la r  
a c t i v i t y  c l a s s e s .  The s t r e n g th  in  pounds e x e r te d  by each  s u b je c t  was 
re c o rd e d  once w eekly th ro u g h o u t th e  six -w eek  t r a i n i n g  p e r io d . F o r 
p u rp o se s  o f  m o tiv a t io n , th e s e  s u b je c ts  were inform ed o f  t h e i r  i n d iv i ­
d u a l p ro g re s s  in  s t r e n g th  g a in .
The th re e  arm is o m e tr ic  e x e r c is e s  were done in  th r e e  p o s i t i o n s .  
The f i r s t  e x e r c is e  was done w ith  th e  s u b je c ts  ap p ro x im a tin g  th a t  
p o s i t io n  o f  th e  s o f t b a l l  th row  w hich would p o s i t io n  th e  a m  in  a  
p o s i t io n  p a r a l l e l  to  th e  f l o o r ;  t h a t  i s ,  th e  arm was a r r e s t e d  a t  th a t  
p o s i t io n  where th e  down—swing o f  th e  arm was p a r a l l e l  to  th e  f lo o r  o r  
a t  a  n in e ty  d eg ree  a n g le  to  th e  s u b j e c t 's  body.
The second iso m e tr ic  e x e r c is e  a d m in is te re d  was w ith  th e  
s u b j e c t 's  a m  in  a  f o r t y - f i v e  d e g re e  an g le  w ith  th e  f l o o r .  ‘Ihe t h i r d  
p o s i t io n  used  was a t  a  n in e ty  d eg re e  a n g le  w ith  th e  f lo o r  o r  j u s t  
p r io r  to  th e  p o s i t io n  where th e  s u b je c t  would r e l e a s e  th e  s o f t b a l l  
when th ro w in g .
TTie th r e e  is o m e tr ic  arm e x e r c is e s  a re  shown in  F ig u re s  Ut 5, 
and 6 , p ag es  3A, 35 , and 36.
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F ig u r e  4 .  P ro c e d u re  and  p o s i t i o n  o f  s u b je c t  in  f i r s t  i s o m e tr ic
arm e x e r c i s e .
3 5
F ig u re  5 . P ro c e d u re  and p o s i t i o n  o f  s u b je c t  in  second
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F i g u r e  6 .  P r o c e d u r e  a n d  p o s i t i o n  o f  s u b j e c t  i n  t h i r d  i s o m e t r i c
arm e x e r c i s e .
37
The is o m e tr io  le g  e x e r c is e s  were p r a c t ic e d  on b o th  le g s  and 
w ere done w ith  an is o m e tr ic  e x e r c is e  b e l t  i d e n t i c a l  in  s iz e  to  th e  
b e l t  used to  m easure le g  s t r e n g th ,  bee F ig u re s  1 and 3 , p ages 16 
and 30.
, CHAPTER IV
PRESENTATION AND ANALYSIS OF DATA
The d a ta  o b ta in e d  in  t h i s  s tu d y  d e a l in g  w ith  th e  e f f e c t s  o f  
fo u r  g roups and t h e i r  a b i l i t y  to  th row  f o r  d is ta n c e  and to  c o n tin u e  
to  throw  f o r  d is ta n c e  were a n a ly z ed  s t a t i s t i c a l l y  by means o f  
a n a ly s is  o f  v a r ia n c e .  A Type l i i  d e s ig n  was employed a s  d e s c r ib e d  
by L in d q u is t.^ -  S in ce  th e  p r e - t e s t  d a ta  showed no s ig n i f i c a n t  e f f e c t s  
by i n t e r a c t io n ,  o n ly  th e  r e s u l t s  o f  th e  p o s t - t e s t  w ere u sed . The 
r e s u l t s  o f  th e  p r e - t e s t  and p o s t - t e s t  a re  p re s e n te d  in  T able  i ,  page 
3 ° , and T ab le  11, page 40 . The i n i t i a l  and f i n a l  means a re  p re se n te d  
in  A ppendixes A, B, C, and D.
i .  ANALYSIS OF THROW FOR DISTANCE DATA
Only th e  p o s t - t e s t  d a ta  were u sed . The on ly  s ig n i f i c a n t  
d i f f e r e n c e  found in  th e  p r e - t e s t  was in th e  means o f  th e  t o t a l  t r i a l s  
o f  a_Li s u b je c t s .  This can be in te r p r e te d  a s  h a v in g  o ccu rre d  by chance 
o r  p o s s ib ly  h av in g  been due to  th e  d i f f e r e n t  r e a c t io n s  o f  in d iv id u a l  
s u b je c ts  J n d e r  th e  s t r e s s  o f  th ro w in g  e ig h ty  Limes f o r  d i s t a n c e .
There w ere d i f f e r e n c e s  from th row  to  throw  f o r  a l l  s u b je c ts  and betw een 
g ro u p s , b u t th e  d i f f e r e n c e s  were o f  th e  same o rd e r  f o r  a l l  f o u r
^E. K. L in d q u is t ,  D esign and A n a ly s is  o f  E xperim en ts  in  
Psychology and E d u c a tio n  (C am bridge, M a ssa c h u se tts :  The R iv e rs id e  
P r e s s ,  H o u g h to n -M ifflin  Company, 1953)> pp . 281-284 .
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TABLb i
ANALYSIS OF VARIANCE FOR PRE-TEST OF COLLEGE STUDENTS' ABILITY 
TO THROW A SOFTBALL FOR DISTANCE
Source o f  v a r i a t io n d f
Sums o f  
sq u a re s
Mean
sq u a re s
ttf it
r a t i o
T o ta l 79 56686.7187 71?.5534 —
1) E x e rc is e  group compared 
w ith  n o -e x e rc is e  group 1 1098.8438 1098.8438 x.5^
2 ) Throw group  compared 
w ith  n o -th ro w  group i 108.3125 108.3125 0 .1 5
i n t e r a c t io n  o f  I and 2 i 7 2 1 .2 1 8 8 7 2 1 .2 1 8 8 i .0 0
4) E rro r 76 54758.3438 720.5045 —
5) Total. 240 3449.8438 14.3743 —
6 ) A ll g roups by t r i a l s 3 289.7500 9 6 .583 3 7 . 33*
7) In te ra c t ,io n  o f  I and 6 3 79.6258 26.5417 2.01
8 ) i n t e r a c t io n  o f  2 and 6 3 48.0625 1 6 .0 2 0 8 1 .22
9 ) T r ip le  a c t io n  o f  1 , 2 , & 6 .3 26.1250 8.7083 0 ,6 6
iO ) E rro r 228 3006.2813 13.1854 —
11) T o ta l .3IV 60136.5625 188.5159 —
♦ in d ic a te s  s ig n i f ic a n c e  a t  th e  .01  le v e l
TABLE II
ANALYSIS OF VARIANCE FOR POST-TEST OF COLLEGE STUDENTS' ABILITY 
TO THROW A SOFTBALL FOR DISTANCE
Source o f  v a r i a t io n d f
'Sums o f  




r a t i o
Total. 79 61909.0000 783.6582 —
1) E x e rc is e  group compared 
w ith  n o -e x e rc is e  group 1 2704.5625 2704.5625 3 .9 3 * *
2) Throw group  compared 
w ith  n o -th ro w  group 1 6871.3750 6871.8750 9.98*
3) I n te r a c t io n  o f  1 and 2 1 16.2813 16.2813 0 .0 2
4) E r ro r 76 52316.2813 688.3721 —
5) T o ta l 240 2287.4375 9.5310 —
6) Com parison o f  a l l  g roups 
by t r i a l s 3 216.3438 7 2 .U 4 6 8 .6 1 *
7) I n te r a c t io n  o f  l  and 6 3 95.9375 31.9792 3 .82**
B) I n te r a c t io n  o f  2 and 6 3 8 .5938 2 .8646 0 .3 4
9) T r ip le  a c t io n  o f  .1. ,  2 t & 6 3 57.7813 19.2604 2 .3 0
10) E rro r 228 1908.7313 3 .3718 —
H ) T o ta l 319 64196.4375 201.2428 —
•“■ Ind ica tes  s ig n i f i c a n c e  a t  th e  .01  l e v e l
“♦ in d ic a t e s  s ig n i f i c a n c e  a t  th e  .05  l e v e l
“♦ ♦ in d ic a te s  s ig n i f ic a n c e  a t  th e  .1 0  l e v e l
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g ro u p s . Hie f a c t  t h a t  th e  i n t e r a c t io n s  o f  th e  p r e - t e s t  d a ta  re v e a le d  
no s ig n i f i c a n t  d i f f e r e n c e s  p e rm its  th e  u se  o f  o n ly  th e  p o s t - t e s t  d a ta .
S t a r t i n g  w ith  th e  h ig h e s t  o rd e r  o f  i n t e r a c t io n  ( s e e  T ab le  I I ,  
page 40) i t  was found t h a t  no s i g n i f i c a n t  d i f f e r e n c e s  e x i s t e d  betw een 
th e  e x e r c is e  g ro u p s , th e  n o -e x e rc is e  g ro u p , and a l l  g ro u p s  by t r i a l s .  
T h is  t r i p l e  i n t e r a c t io n  p roduced  an "F" r a t i o  o f  2 .3 0 6 . T b is  r a t i o  
i s  n o t s i g n i f i c a n t  a t  th e  .0 5  l e v e l .
In o rd e r  t o  d e te rm in e  th e  e f f e c t s  o f  an is o m e tr ic  e x e r c is e  
program  upon th e  a b i l i t y  t o  th row  a  s o f t b a l l  l o r  maximum d i s t a n c e ,  
th e  two g ro u p s w hich in c lu d ed  is o m e tr ic  e x e r c is e s  in  t h e i r  t r a in i n g  
program  w ere combined and r e f e r r e d  to  a s  th e  e x e r c is e  g ro u p . T h is  
group was compared to  th e  two g roups t h a t  were combined to  form  th e  
n o -e x e rc is e  g ro u p . As shown in  T ab le  V, page 45> th e  e x e r c is e  group 
exceeded th e  mean throw  o f  th e  n o -e x e rc is e  group by 6 .2 3  f e e t .  A lthough 
t h i s  a p p e a rs  to  be a  r a t h e r  la r g e  d i f f e r e n c e ,  th e  "F" r a t i o  f o r  t h i s  
com parison  was 3*93, w hich i s  not- q u i te  s ig n i f i c a n t  a t  th e  .05  l e v e l .
The two g ro u p s w hich p r a c t ic e d  th ro w in g  d u r in g  th e  t r a i n i n g  
p e r io d  e x p e r ie n c e d  g a in 3  which r e s u l t e d  in  a  s ig n i f i c a n t  d i f f e r e n c e  
when com pared to  th e  two g ro u p s  which d id  n o t  have th ro w in g  p r a c t i c e  
in c lu d e d  in  t h e i r  t r a i n i n g  program . An nFM r a t i o  o f  9*98 i s  s i g n i f i c a n t  
beyond th e  .01  l e v e l .  T h is  com parison  in d ic a te s  t h a t  th e  th row  groups 
p erfo rm ed  b e t t e r  th a n  th e  n o -th ro w  g ro u p s r e g a r d le s s  o f  e x e r c is e  
c o n d i t io n  o r  t r i a l  c o n d i t io n  s in c e  th e r e  w ere no s ig n i f i c a n t  i n t e r ­
a c t io n s  o f  th e  th row  v a r i a b le s  w ith  e x e r c is e  o r  t r i a l s .
The i n t e r a c t io n  o f  th e  e x e r c is e  g roups v e rsu s  n o -e x e rc is e  g roups
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and th e  th row  groups v e rsu s  n o -th ro w  groups f a i l e d  to  p roduce a  s ig n i ­
f i c a n t  d i f f e r e n c e .  An "F” r a t i o  o f  0 .0 2 3 7  in d ic a te s  a n e g l ig ib l e  
d i f f e r e n c e .
An a n a ly s is  o f  d i f f e r e n c e s  betw een a l l  g ro u p s and b lo ck s  o f  
tw en ty  t r i a l s ,  d is r e g a r d in g  is o m e tr ic  e x e r c is e  and th ro w in g  g ro u p s , 
p roved  to  be s i g n i f i c a n t  a t  th e  .01  le v e l  o f  s ig n i f ic a n c e  a s  in d ic a te d  
by an "F" r a t i o  o f  8 .6 1 3 9 .
S in ce  a  s i g n i f i c a n t  d i f f e r e n c e  o c c u rre d  betw een t r i a l s  by g ro u p s , 
i t  i s  n e c e s sa ry  t o  in v e s t ig a te  more th o ro u g h ly  th e  e f f e c t s  o f  e x e r c is e  
and no e x e r c is e  on c o n tin u in g  to  th row  f o r  maximum d i s t a n c e .  To 
d e te rm in e  th e  e f f e c t s  o f  is o m e tr ic  e x e r c is e s  on th e  a b i l i t y  to  c o n tin u e  
th ro w in g  a  s o f t b a l l  f o r  maximum d i s t a n c e ,  th e  s c o re s  o f  th e  two g roups 
u s in g  is o m e tr ic  e x e r c is e s  were combined to  form one group  c a l l e d  th e  
e x e r c is e  g ro u p . The s c o re s  o f  th e  two g ro u p s n o t u s in g  is o m e tr ic  
e x e r c is e s  were combined to  form a n o th e r  g ro u p . T h is  group was c a l le d  
th e  n o - e x e rc is e  g ro u p .
An a n a ly s is  o f  v a r ia n c e  betw een means o f  th e  f i r s t  tw e n ty , th e  
second tw e n ty , th e  t h i r d  tw e n ty , and th e  f o u r th  tw en ty  th row s was made 
f o r  th e  aX B rcise group and f o r  th e  n o -e x e rc is e  g ro u p . As in d ic a te d  in  
T ab le  IV, page 4 4 , th e  e x e r c is e  group had a 3m all g ra d u a l d e c l in e  in  th e  
means from  th e  f i r s t  group o f  tw en ty  th ro w s to  th e  f o u r th  group o f  tw en ty  
th ro w s . The g r e a t e s t  d i f f e r e n c e  betw een any two g roups was th e  .69  fo o t  
d i f f e r e n c e  betw een th e  f i r s t  and f o u r th  g ro u p s . As shown in  T ab le  I I I ,  
page 43 , th e  ’’F '1 r a t i o  f o r  t h i s  d i f f e r e n c e  i s  to o  sm a ll to  be s ig n i f i c a n t  
a t  th e  .1 0  l e v e l .  The "F" r a t i o  f o r  th e  e x e r c is e  g roup  was .5 1 .
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TABLE I I I
ANALYSIS OF VARIANCE FOR POST-TESTS FOR EXERCISE 
AND NO-EXERCISE GROUPS' ABILITY TO THROW 
A SOFTBALL FOR DISTANCE
T est N d f
Sums o f  
sq u a re s
Mean
sq u a re s "F" r a t i o
Exerc is e 40 3 14.7656 4 .9219 0 .5 0 8
N o-exerc i s e 40 3 300.0248 133.3416 15-927*
* i n d i c a t e  s ig n i f i c a n c e  a t  th e  .01  le v e l  
E r r o r  T er*  = 8 .3718
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TABLE IV
FINAL MEANS BY TRIALS OF TWfcWTT UNDERHAND THROWS FOR COLLEGE 
MEN AFTER VARIOUS TYPES OF TRAINING PROGRAMS
Grout) N 1 2 _ 3_ _ 4 T o ta l
E x e rc ise  o n ly 20 105.48 106.53 105.78 105.79 105.90
E x e rc is e  + throw 20 116 .56 115.43 115.59 114.86 115.61
Throw o n ly 20 110 .32 111.02 108 .99 107.06 109.35
C o n tro l 20 # 102.44 100.59 100 .59 98 .50 100.53
E x e rc is e 40 111 .02 110.98 110.69 110.33 110.76
No—e x e r c is e 40 106.38 105.81 104.79 102.78 104.94
Throw 40 113 .44 113.23 112.29 110.96 112.48
N o-throw 40 103.95 103.56 103.19 102.15 103.22
T o ta l 80 108.70 108.40 107.74 106.56 107.85
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TABLE V
DIFFERENCES BETWEEN MEANS OF INITIAL ARM AND LEG STRENGTH
SCORES FOR ALL SUBJECTS
Arm S tre ru rth
GrouD N Mean S D S . E . Mean D if fe re n c e t
A 20 1 2 .9 7 5 .7 0 3 .2 5 259 .50 9 .9 3 *
B 20 1 2 .6 0 5 .6 1 3 .1 6 25 2 .0 9 .7 9 *
C 20 1 .8 5 4 .9 3 .38 3 7 .0 1 .6 4
D 20 *1 9 .3 5 .707 - 8 .5 - .2 0
Leg S tre n g th
Grouo N Mean S D S . E . Mean D if fe re n c e t
A 20 1 5 .4 0 8 .4 8 4 .0 3 3 0 8 .0 7-92*
B 20 15 .45 8 .7 3 4 .0 7 30 9 .0 7 .7 2 *
C 20 6 .7 5 7 .53 2 .3 2 13 5 .0 3 .9 1 *
D 20 1 .23 4 .0 8 .959 2 4 .5 1.31
^ s i g n i f i c a n t  beyond .01  l e v e l  o f  c o n f id e n c e  
Group A p r a c t i c e d  is o m e tr ic  e x e r c i s e s  o n ly .
Group B p r a c t i c e d  is o m e tr ic  e x e r c i s e s  and th ro w in g  a  s o f t b a l l  f o r
maximum d i s t a n c e .
Group C p r a c t i c e d  th ro w in g  a  s o f t b a l l  f o r  maximum d i s t a n c e  o n ly .
Group D d id  n o t  p r a c t i c e  is o m e tr ic  e x e r c i s e s  o r  th ro w in g  a  s o f t b a l l
f o r  maximum d i s t a n c e .
The n o - e x e rc is e  group a ls o  had a  s te a d y  d e c l in e  from th e  
f i r s t  tw enty  th row s to  th e  fo u r th  tw en ty  th ro w s . T h is  d e c l in e  was 
g r e a t e r  th a n  th e  d e c l in e  e x p e r ie n c e d  by th e  e x e r c is e  g ro u p . As 
shown in  T able IV , page 4 4 , th e  d i f f e r e n c e  betw een th e  f i r s t  group 
o f  th row s and th e  l a s t  group o f  th ro w s was 3 .6 0  f e e t .  The "FM 
r a t i o  f o r  th e  v a r i a t io n  betw een th e  means in  th e  n o -e x e rc is e  group 
was s i g n i f i c a n t .  T h is  "F" r a t i o  was 1 5 .9 3 , which i s  s i g n i f i c a n t  a t  
th e  .01 l e v e l .
In  o rd e r  to  f u r t h e r  an a ly z e  th e  e f f e c t  o f  is o m e tr ic  e x e r c is e  
on th e  a b i l i t y  to  c o n tin u e  th ro w in g  a  s o f t b a l l  f o r  d i s t a n c e ,  a  
r e g r e s s io n  l i n e  was p lo t t e d  f o r  th e  e x e r c is e  group and th e  n o -e x e rc is e  
g ro u p . These r e g re s s io n  l i n e s  a r e  shown in  C h art 1 , page 47 . T his 
c h a r t  g r a p h ic a l ly  i l l u s t r a t e s  th e  r a t h e r  g ra d u a l d e c l in e  o f  th e  
e x e r c is e  group and th e  marked d e c l in e  o f  th e  n o -e x e rc is e  g ro u p . 
A lthough t h i s  d e c l in e  f o r  th e  e x e r c is e  g roup  was c o n s i s t e n t ,  i t  was 
n o t l a r g e  enough to  be s i g n i f i c a n t .  The d e c l in e  f o r  th e  no—e x e r c is e  
group was la r g e  enough to  be s i g n i f i c a n t .
The "F" r a t i o  f o r  th e  r e g re s s io n  f o r  th e  n o -e x e rc is e  group 
was c a lc u la te d  and found to  be s ig n i f i c a n t  a t  th e  .01 le v e l  o f  
s ig n i f i c a n c e .  In o rd e r  to  d e te rm in e  w hether t h i s  r e g re s s io n  was 
l i n e a r ,  q u a d r a t ic ,  o r  c u b ic ,  th e  ,IF" r a t i o  was d e te rm in e d  f o r  t h i s  
d e v ia t io n ;  a n d , a s  shown in  T able I I I ,  page 43 , i t  was found to  be 
s i g n i f i c a n t .  The l i n e a r  d e v ia t io n  sum o f  sq u a re s  was th en  s u b tr a c te d  
from  th e  tre a tm e n t  sum o f  s q u a re s ,  and th e  rem ain in g  d e v ia t io n  was 
n o t  s i g n i f i c a n t .  T h is  in d ic a te d  t h a t  th e  d e c l in e  in  a b i l i t y  to
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c o n tin u e  to  th row  a s o f t b a l l  f o r  d i s ta n c e  by th e  no—e x e r c is e  group 
was l i n e a r  in  n a tu r e .^
The i n t e r a c t io n  o f  th e  th row  m  t r a in i n g  g ro u p s  v e rsu s  th e  
t r i a l  a n a ly s is  was n o t s ig n i f i c a n t  a s  in d ic a te d  by an "F" r a t i o  o f
O .JA .
I I .  ANALYSIS OF STRENGTH TEST SCORES
A lthough o n ly  two groups p r a c t i c e d  iso m e tr ic  e x e r c i s e s  d u r in g
th e  t r a in i n g  p e r io d ,  a l l  fo u r  g roups w ere m easured p r i o r  to  and a t
th e  c o n c lu s io n  o f  th e  p r e s c r ib e d  p e r io d .  Both le g  and arm s t r e n g th
s c o re s  were o b ta in e d  f o r  ev ery  s u b je c t  p a r t i c ip a t i n g  in  th e  s tu d y .
A com parison o f  means was u t i l i z e d  to  d e te rm in e  w h eth er s ig n i l i c a n t
s t r e n g th  g a in s  w ere r e a l i z e d  by bo th  g roups which p r a c t ic e d  iso m e tr ic
e x e r c i s e s .  One group o f  tw en ty  s u b je c ts  p r a c t i c in g  is o m e tr ic
e x e r c is e s  o n ly  d u r in g  th e  t r a in i n g  p e r io d  r e g i s t e r e d  " t"  s c o re s  o f
9 .9 3  and 7*92 f o r  arm and le g  s t r e n g th ,  r e s p e c t iv e ly .  A nother group
o f  tw enty  s u b je c ts  p r a c t i c in g  is o m e tr ic  e x e r c is e s  and th ro w in g
th ro u g h o u t th e  t r a i n i n g  p e r io d  r e g i s t e r e d  " t"  s c o re s  o f  9 .7 9  and
7 .7 2 . A ll o f  th e  " t ' s "  were s ig n i f i c a n t  a t  th e  .01  l e v e l .  The two
*
g ro u p s  o f tw enty  s u b je c ts  which d id  n o t p r a c t i c e  is o m e tr ic  e x e r c is e s  
d id  n o t g a in  in s t r e n g th  in  arm t e s t s ,  how ever, one group g a in e d  in  
le g  s t r e n g th  a s  in d ic a te d  by th e  " t "  o f  3 .9 1 . T h is in c r e a s e  may be
^Ronald A. F is h e r  and Frank Y a te s ,  S t a t i s t i c a l  T a b le s  (New 
York: H afner P u b lish in g  Company, I n c . ,  1 9 5 3 ), pp . 22 , 80 .
a t t r i b u t e d  to  th e  s t r a i n  p u t on th e  le g  muscj.c and d u r in r  th e  throw ­
ing  p ro c e sf .. (See T able V)
CHAPTER V
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS
I .  SUMMARY
I t  was th e  p u rpose  o f  t h i s  3tudy to  d e te rm in e  th e  e f f e c t s  
o f  is o m e tr ic  e x e r c is e s  on th row ing  a s o f tb a l l  f o r  maximum d is ta n c e  
and a l s o  on th e  a b i l i t y  to  s u s ta in  t h i s  maximum d i s t a n c e .
E ig h ty  m ale s tu d e n ts  a t  I l l i n o i s  S ta te  U n iv e r s i ty  a t  Normal, 
I l l i n o i s  se rv ed  a s  s u b je c t s .  One group p r a c t ic e d  th r e e  f u n c t io n a l  
iso m e tr ic  e x e r c is e s  a t  p o s i t io n s  w ith in  th e  range o f  m otion  o f  a  
s o f t b a l l  th ro w . These s u b je c ts  a l s o  p r a c t ic e d  one is o m e tr ic  
e x e r c is e  on each le g  which app rox im ated  th e  s t r i d e  e x e c u tio n  o f  th e  
s o f t b a l l  th ro w . The f iv e  e x e r c is e s  were p r a c t ic e d  th r e e  tim es  a  
week w ith  each e x e r c is e  l a s t i n g  te n  seconds in  d u r a t io n .  Maximum 
e f f o r t  was a tte m p ted  a t  each p r a c t i c e  p e r io d .  A nother group d id  th e  
same is o m e tr ic  e x e r c is e s  a s  th e  group m entioned  above in  a d d i t io n  to  
p r a c t i c in g  th ro w in g  a s o f t b a l l  f o r  d is ta n c e  e ig h ty  t im e s ,  th r e e  tim es  
a  week. A nother group p r a c t ic e d  th row ing  a  s o f t b a l l  f o r  d is ta n c e  
e ig h ty  t im e s ,  th r e e  tim e s  a week b u t d id  n o t in c lu d e  any form o f  
e x e r c is e  in  th e  t r a in i n g  p e r io d ;  and one group se rv ed  a s  a c o n tro l  
g ro u p .
A ll s u b je c ts  were t e s t e d  f o r  t h e i r  a b i l i t y  to  th row  a  s o f t b a l l  
f o r  d i s ta n c e  a s  a  p r e - t e s t .  A ll s u b je c ts  were a l s o  p r e - t e s t e d  f o r
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arm and le g  s t r e n g th  a t  s p e c i f ie d  p o s i t i o n s .  At th e  end o f  a  
s ix -w eek  t r a in in g  p e r io d ,  a l l  s u b je c ts  w ere r e - t e s t e d  to  d e te rm in e  
i f  s ig n i f i c a n t  changes in  th ro w in g  f o r  d is ta n c e  e ig h ty  tim e s  a s  
w e l l  a s  d i f f e r e n c e s  in  le g  and arm s t r e n g th  had tak en  p la c e .
In  o rd e r  t h a t  th e  endurance f a c t o r  m ight be in v e s t ig a te d ,  
th e  e ig h ty  th row s were an a ly zed  in  g ro u p s o f  tw en ty  a s  w e ll  a s  by 
t h e  t o t a l  e ig h ty  th ro w s .
A Type 111 d e s ig n  em ploying a n a ly s is  o f  v a r ia n c e  was u t i l i z e d  
in  t r e a t i n g  th e  d a ta  so a s  to  d e te rm in e  th e  e f f e c t s  o f  th e  d i f f e r e n t  
t r a in i n g  program s and th e  d is ta n c e s  each group th rew  and c o n tin u ed  to  
throw  f o r  maximum d i s t a n c e .  T his a n a ly s is  was made on th e  IBM 1620 
com puter a t  th e  D ata P ro c e ss in g  C e n te r  a t  The S ta te  U n iv e rs i ty  o f  
Iowa, Iowa C i ty ,  Iowa. The " t"  t e s t  o f  s ig n i f ic a n c e  was u t i l i z e d  
in  com paring th e  d i f f e r e n c e s  betw een th e  o r ig i n a l  and f i n a l  mean 
s c o re s  o f  arm and le g  s t r e n g th  m easured f o r  a l l  s u b je c ts  who took  p a r t  
in  th e  s tu d y .
The fo llo w in g  f in d in g s  were o b ta in e d  in  t h i s  s tu d y :
1 . A lthough th e  is o m e tr ic  e x e r c is e  g roups perform ed b e t t e r
th a n  th e  n o - is o m e tr ic  e x e r c is e  g ro u p s , s ig n i f ic a n c e  was 
n o t q u i t e  r e a l i z e d  a t  th e  .05  l e v e l .
2 . When t e s t e d  a t  th e  c o n c lu s io n  o f  th e  t r a in i n g  p e r io d ,  th e
is o m e tr ic  e x e r c is e  g ro u p s m a in ta in e d  a b i l i t y  to  throw  f o r  
maximum d i s t a n c e .
3 .  The n o -e x e rc is e  g roups e x p e r ie n c e d  a  s ig n i f i c a n t  d e c l in e  in
d is ta n c e  o v e r  th e  e ig h ty  th row s f o r  d is ta n c e  when t e s t e d
a t  th e  c o n c lu s io n  o f  th e  t r a in i n g  p e r io d .
4 . The s u b je c ts  who p r a c t ic e d  iso m e tr ic  e x e r c i s e s  in  th e  
t r a i n i n g  p e r io d  showed s ig n i f i c a n t  g a in s  in  s t r e n g th  
o f  th e  dom inant arm and le g .
I I .  CONCLUSIONS
W ith in  th e  l i m i t a t i o n s  o f  t h i s  s tu d y , th e  d a ta  a llo w  th e  ... 
fo llo w in g  c o n c lu s io n s :
1 . F u n c tio n a l is o m e tr ic  e x e r c is e s  w i l l  im prove th e  a b i l i t y
to  m a in ta in  th e  maximum d is ta n c e  th ro w n .
2 . The a d d i t io n  o f  a  f u n c t io n a l  iso m e tr ic  e x e r c is e  program
to  a  th ro w in g  f o r  d is ta n c e  program  w i l l  p roduce p o s i t iv e  
g a in s  beyond t h a t  o f  a  th ro w in g  program  a lo n e .
3 . A program  o f  p r a c t i c e  th ro w in g  f o r  maximum d is ta n c e  w i l l
im prove th e  a b i l i t y  to  throw  f o r  maximum d is ta n c e .
4 . A program  o f  iso m e tr ic  e x e r c is e s  w i l l  b r in g  abou t s i g n i f i ­
c a n t im provem ents in  s t r e n g th .
5. P r a c t ic in g  th row ing  a  s o f t b a l l  f o r  maximum d i s t a n c e ,  w ith
is o m e tr ic  e x e r c i s e s ,  w i l l  improve le g  s t r e n g th .
111. RECOMMENDATIONS
In th e  o p in io n  o f  th e  a u th o r ,  th e  fo llo w in g  r e l a t e d  a r e a s  a r e  
in  need o f  f u r t h e r  i n v e s t ig a t io n :
1 . The e f f e c t s  o f  is o m e tr ic  e x e r c is e  program s on speed and 
e n d u ran ce .
2 . The in f lu e n c e  o f  is o m e tr ic  e x e r c i s e s  o v e r  a lo n g e r  t r a in i n g
p e r io d .
3 . The in f lu e n c e  o f  is o m e tr ic  t r a in i n g  u s in g  s u b je c ts  who a re
h ig h ly  s k i l l e d  in  a s p e c i f i c  a r e a  o f  p h y s ic a l  a c t i v i t y .
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INITIAL AND FINAL MEAN SCORES* IN GROUPS OF TWENTY THROWS 
FOR COLLEGE MEN WHO PRACTICED ISOMETRIC EXERCISES ONLY
l e t 20 2nd 20 3rd 20 4 th 20
SUBJECTS i If 1 If 1 M 1 H
1 104.65 105.75 108 .30 105.95 108.85 105 .85 99.20 99.65
2 123.00 123.60 122 .80 123.60 119.55 123 .45 121.20 125-15
3 82 .75 98.45 80 .95 95.05 78.20 91 .05 77.90 86.60
4 97.70 110.05 102 .75 114.65 101.70 114 .15 102.90 113.55
5 75.85 86.75 73 .70 90.70 77.80 87 .15 77.80 86.55
6 113.00 106.85 11? .55 106.05 117.65 111 .10 110.75 109.30
7 100.00 114.35 105 .20 112.75 107.75 104 • 55 108.55 109.55
8 118.60 125.75 122 .55 131.40 123.45 135 .55 128.90 132.65
9 102.15 109.95 106 .70 106.75 106.20 124 .05 97.80 121.15
10 103.50 114.40 107 .10 115.40 103.40 114 .65 103.10 113.50
11 90.45 103.60 95 .65 105.55 98.35 107 .15 99.75 105.05
12 95.30 98.50 100 .50 101.30 105.85 95 .20 107.65 98.70
13 75.65 84 .90 81 .95 85.05 78.70 83 .05 81.65 80.70
14 111.20 102.10 110 .35 103.35 110.60 100 .90 109.25 105.25
15 80 .50 96.85 80 .40 97.25 83 .50 94 .15 80.70 96.95
16 100.60 103.15 101 .70 103.80 110.50 101 .20 103.00 101.55
17 104.15 100.01 101 .75 102.40 102.55 98 .95 100.65 102.35
18 100.50 111.75 103 .50 113.20 98.50 111 .60 104.55 113.65
19 93.85 109.05 104 .25 108.85 95.05 102 .90 88.45 105.50
20 ...22*4£.. 103^.15 n .80 107.00 95.55 108 •35 97.90 107.90
TOTAL 1965.80 2109.00 2019.45 2130.05 2023-70 2X15.55 2001.65 2115.25
MEAN 98.41 105.45  100.99 106.53 101.21 105.78  100.10 105.79
* S c o re s  a r e  g iv e n  in  f e e t .
APPENDIX B
INITIAL AND FINAL MEAN SCORES* IN GROUPS OF TWENTY THROWS 
FOR COLLEGE MEN WHO PRACTICED ISOMETRIC EXERCISES AND 
ALSO PRACTICED THROWING A SOFTBALL FOR DISTANCE
1 s t 20 2nd 20 3 rd  20 4 th 20
SUBJECTS i M t N 1 u 1 ft
1 8£~. 45 102.90 91 .60 1 03 .65 93 .40 101.45 97 .00 101 .75
2 95 .10 106.65 99 .95 107.10 100.00 104 .75 101.45 102 .80
3 96 .05 104.05 97 .60 103.50 96.25 105 .30 95 .55 106 .50
4 109.65 113.20 108.60 109.20 104.35 108 .20 106.20 108.15
5 98 .50 109.45 96 .65 107.40 101.50 107 .30 100.40 106.55
6 101 .00 133.80 108.85 134.15 112.45 136 .60 117.80 137 .90
7 97 .35 119.40 97.90 116 .50 100.35 122 .30 100.05 124.85
8 109.00 122.20 105 .30 115.30 112.90 H 6 .3 5 104.05 115.70
9 99 .70 125.30 99.05 114.30 97.80 112.50 95-80 109.30
10 107.60 119.15 100.95 116.35 100.85 114.70 98 .50 114 .30
11 H 3 .9 0 132.90 114.75 132.80 113.60 134.95 113.45 134 .90
12 8 7 .6 0 101.95 86 .75 103.00 92.10 103.65 90 .70 105.05
13 96.20 i l l .  10 101.10 106.80 93.10 107.15 95.20 107 .45
14 89 .1 5 111.05 99 .85 U -4 .35 104.45 112.50 102.70 110 .60
15 107.60 130.80 109.85 130.45 i 2 x . 50 132.70 115.20 126.35
16 106.00 111.70 106.45 110 .20 107.05 106.30 110.50 108.30
17 102.50 111.75 95 .70 116.95 107.90 115.90 103.55 117.60
18 98.95 114.20 108.55 114.95 118.40 115.25 114.20 108.25
19 101.40 112.15 104.70 111.90 103.60 113.20 103.80 '111.80
20 132.85 137.15 139.40 139.50 143.70 140.45 144.70 138.85
TOTAL 2036.55 2330.85 2073.55 2308.35 2124.25 2311.50 2110.80 2296.95
MEAN 101.85 116.56 103.70 115.43 106.28 11J 105.56 114.86
* S co res  arc g iv e n  in f e e t .
APPENDIX C
INITIAL AND FINAL MEAN SCORES* IN GROUPS OF TWfcNTY THROWS 
FOR COLLEGE MEN WHO PRACTICED THROWING A SOFTBALL
FOR DISTANCE
1 s t 20 2nd 20 3rd 20 4 th 20
SUBJECTS i n i n t ft 1 M
1 103.90 121.00 113.10 126.50 111.35 125.^0 104.65 123.55
2 95.55 106.45 95.75 114.70 95 .05 109.85 97.35 110.90
3 86 .05 105.95 88 .2 0 101.05 84 .95 101.20 77.00 97.05
4 122.35 134.30 122.65 133.90 124.55 134.10 129.80 132.55
5 88 .10 104.60 91 .60 98 .60 91.50 97 .15 91 .40 101.05
6 98.70 101.65 99 .45 118.40 95 .70 113.40 92.25 114.25
7 69 .35 92.45 72 .35 91.10 75 .95 82 .20 72 .70 80 .75
8 85 .70 107.40 86 .7 0 108.00 91.95 105.95 93 .90 101.65
9 118.40 138.75 121.05 134.55 122.00 129.45 125.45 125.60
10 103.60 115.05 108.10 116.55 108.60 114.75 104.95 115.45
11 92.75 104.85 91 .45 102.45 82 .0 5 101.70 74 .75 97 .95
12 80 .9 0 99 .10 87 .3 0 95.95 90 .30 94.40 85 .45 88 .85
13 104.40 116.90 110.75 118.05 109.05 114.70 115.40 112.15
14 114.90 104.55 116.40 104.25 100.35 101.45 99.40 97.45
15 81 .90 108.60 81 .55 107.95 84 .65 107.05 84 .25 102.75
16 109.15 115.95 114.80 112.00 114.10 109.85 110.30 111.70
17 89 .4 0 98.10 92 .25 104.15 86 .45 104.75 88 .95 100.30
18 73 .50 91-50 79 .05 89.95 88 .2 5 92.35 90 .10 89 .70
19 96.30 118.80 99 .1 0 118.75 100 .25 119.30 98 .30 115.05
20 104.85 119.95. 1 03 .60 123.05 110.30 120.15 106.35 121.90
TOTAL 1919.75 2205.90 1975.20 2219.90 1967.34 2179.35 1942.70 2140.60
MEAN _ _2_6 .P5_ 110.32 98 .7 9 111.02 ?8.4Q_, 108.99 97,36  , 107.06
•S c o r e s  are  g iv e n  in  f e e t .
APPENDIX D
INITIAL AND FINAL MEAN SCORES* IN GROUPS OF TWENTY THROWS 
FOR COLLEGE MEN WHO DID NOT PRACTICE ISOMETRIC EXERCISES 
OR THROWING A SOFTBALL FOR DISTANCE
l e t 20 2nd 20 3 rd 20 4 th 20
SUBJECTS t H • H 1 f f • rr
1 89.35 9 2 .3 0 87 .3 0 89 .1 0 91.20 95 .15 92.70 89 .50
2 91.45 99 .9 5 91 .60 98 .0 0 97 .40 96 .85 95 .20 95 .10
3 113.05 108 .80 114.00 112 .30 108.55 115 .65 107.85 101.90
4 101.00 100 .90 104.00 99 .9 0 102.90 99 .0 0 104.65 96 .30
5 126.55 138.35 131.55 135.05 134.00 140 .50 134.70 135.45
6 115.30 108.85 116.45 109 .60 111.55 107 .65 112 .60 106.00
7 115.15 128.30 119.45 124.60 113.40 124.95 117.10 121.55
8 78 .50 90 .60 79 .40 90 .35 76.75 89 .6 5 78 .40 88 .7 5
9 115.95 117.20 115.20 114.05 113.60 113.50 108.40 108.95
10 75 .10 86 .7 5 72.75 76 .3 0 71 .05 74 .25 67 .65 72 .10
11 103.50 105.15 107.25 105.15 109.70 105.45 103.95 105.20
12 104.20 106.05 103.85 110.40 108.75 105.95 105 .10 104.80
13 103.70 100,70 108.80 104.15 105.00 101.80 102 .60 103.30
14 81 .9 0 75 .0 5 79 .45 70 .00 80 .35 65 .25 80 .35 68 .70
15 88 .05 95 .20 85 .65 91 .10 81 .05 96 .60 90 .90 96 .90
16 111.70 124.75 112.35 119.35 112.95 117 .90 107.70 116.25
17 87 .25 88 .4 0 87 .50 86 .0 5 87 .6 0 82 .8 0 88 .90 81 .65
18 100.70 101 .60 108.80 98 .9 0 104.35 99 .85 103.50 99 .30
19 89 .55 100.85 96 .80 103.30 97 .50 103.90 98 .4 5 102.55





2 003 .50 2011.65 1989.60 2011.22 1981.70 1969.70
MEAN 99, ID 102 .44 100.20 100.59 100.59 99 .10 98 .50
* S co res  are  g iv e n  in  f e e t .
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APPENDIX E
INITIAL AND FINAL RAW SCORES* OF ARM STRENGTH AND COMPUTATIONS 
FOR SIGNIFICANCE FOR COLLEGE MEN WHO PRACTICED 
ISOMETRIC EXERCISES
SUBJECTS P r e - t e s t P o s t - t e s t D if fe re n c e D iffe re n c e ^
I 30 47 17 289
2 37 .5 51 1 3 .5 182.25
3 36 45 9 81
4 24 40 16 256
5 26 46 20 400
. 6 34 64 30 900
7 25 44 19 361
8 30 46 16 256
9 46 56 10 100
10 3 7 .5 42 4 .5 20 .25
11 24 35 11 121
12 2k 35 i l 121
13 20 28 8 64
14 3 1 .5 40 8 .5 ' 72 .25
15 37 55 18 324
16 40 48 8 64
17 2 7 .5 38 10 .5 110.25
18 2 7 .5 38 10 .5 110 .25
19 32 42 10 100
20 26 35 81
* S c o re s  a r e  g iv e n  in  p o u n d s .
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APPENDIX E (c o n tin u e d )
D V H -  JL W here:
D V N - 1
SD
1  -  f f c o f
20 m T7
12.97 x 1 .36  
lT 200 .&  -  168.22  
1^.97 x  4 ,36
/  3 2 .a
57S95
9.929*
^ -  s D
20 ¥ 2 0  -  1
D =  £ D .  
N
N = Number o f  s c o re s
i  3 2 .4 4  SD -  ^ _ D |2
♦ S ig n i f ic a n t  beyond .01 p e r  c e n t  l e v e l  o f  c o n f id e n c e .
APPENDIX F
INITIAL AND FINAL RAW SCORES* OF ARM STRENGTH AND COMPUTATIONS 
FOR SIGNIFICANCE FOR COU*EGE KEN WHO PRACTICED ISOMETRIC
EXERCISES AND THROWING A SOFTBALL FOR DISTANCE
SUBJECTS P r e - t e s t P o s t - t e s t D if fe re n c e D iffe re n c e ^
1 35. 50 15- 225.
2 32 . 40 8 . 64*
3 2 2 .5 34 11 .5 132.25
4 24. 42 1 8 . 324.
5 15. 34 19. 361.
6 35 . 55 2 0 . 4 0 0 .
7 38 . 53 15. 225.
8 47. 71 24. 576.
9 30. 39 9 . 8 1 .
10 30. 47 17 . 279.
11 45. 52 7. 49 .
12 25 . 30 5. 25.
13 26 .5 46 1 9 .5 380.25
14 45. 50 5. 25 .
15 27. 36 9. 8 1 .
16 40 . 44 4* 16 .
17 35 . 46 11 . 121 .
18 42 . 56 14. 196 .
19 25. 42 7 . 49 .
20 52. 66 14.
*D=252.0 3805.50
♦S corea  are g iv e n  in  pounds.
APPENDIX F  (c o n t in u e d )
D V T^~1~
252 ,________
20  20  -  1
■J 5-5 -
20









♦ S ig n i f ic a n t  beyond .0 1  p e r  c e n t  l e v e l  o f  c o n f id e n c e .
APPEND!! G
INITIAL AND MNAl RAN SCORES* OF ARM STRENGTH AND COMPUTATIONS 
FOR SIGNIFICANCE KjR COLLEGE MIN WHO PRACTICED THROWING 
A SOFrBAiL i-OR DISTANCE
SUBJECTS P r e - t e s t P o s t - t e s t D if fe re n c e D if fe re n c e ^
i 30 31 1 1
2 25 26 1 1
3 1 7 .5 20 2 .5 6 .2 5
4 • 45 45 0 0
5 31 34 3 9
6 35 37 2 4
7 29 25 - 4 16
8 33 25 - 8 64
9 36 30 36
10 32 41 9 81
11 17 24 7 49
12 18 21 3 9
13 2 7 .5 40 1 2 .5 156 .25
14 2 7 .5 28 .5 .25
15 2 2 .5 26 3 .5 12 .2 5
16 40 35 - 5 . 25
17 32 32 0 0
18 13 20 7 49
19 21 24 3 9
20 36 41 5 2 3 5 .,
AD = 3 7 .0 AD -  553-00
♦ S co r e s  are  g iv e n  in  pounds.
APPENDIX G (c o n tin u e d )
D V H - 1
SD
1 2  __________
20 V 20 -  1
V  i i i  -  ( 2 l f  
20 ' 2 0 '
1.85 x I..36___
V 27 .6 5  -  1 .8 5 2
J n #  *  Ai 3 6 _____
V 27 .6 5  -  3 .423
8.066  




*Not s ig n i f i c a n t  a t  .01  p e r  c e n t l e v e l  o f  c o n f id e n c e .
APPENDIX H
INITIAL AND FINAL RAW SCORES* OF ARM STRENGTH AND COMPUTATIONS 
FOR SIGNIFICANCE FOR COLLEGE MEN WHO DID NOT PRACTICE 
ISOMETRIC EXERCISES AND DID NOT PRACTICE THROWING 
A SOFTBALL FOR DISTANCE
SUBJECTS P r e - t e s t P o s t - t e s t D if fe r e n c e D if fe re n c e ^
1 28 30 2 4
2 30 32 2 4
3 31 40 9 81
4 40 40 0 0
5 37 37 0 0
6 46 40 -6 36
7 23 26 3 9
8 24 24 0 0
9 25 24 -1 1
10 1 7 .5 17 -  .5 .2 5
11 51 50 - 1 1
12 39 35 -*4 16
13 40 41 1 1
14 20 20 0 0
15 29 25 -3 9
16 4 2 .5 40 - 2 .5 6 .2 5
17 34 30 - 4 16
18 27 25 - 2 4
19 3 2 .5 3 2 .5 0 0
20 2 7 .5 26 - 1 .5 2 .2 5
£D  = - 8 .5 £D  -  190 .75
♦ S c o r e s  a re  g iv e n  in  p ou n d s.
APPENDIX H (c o n t in u e d )
7 1
D V N -l
^ = — 43 x  4 .3 6 ______
v' 9 .5 3 8  -  .1P49
t  = -1 .8 7 5
9 .3 5 3
t  = - .2 0 0 *
*Not s i g n i f i c a n t  a t  .0 1  p e r  c e n t  l e v e l  o f  c o n f id e n c e .
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APPENDIX I
INITIAL AND FINAL RAW SCORES* OF LEG STRENGTH AND COMPUTATIONS 
FOR SIGNIFICANCE FOR COLLEGE MEN WHO PRACTICED 
ISOMETRIC EXERCISES
SUBJECTS P r e - t e s t P o s t - t e s t D if fe re n c e
2
D if fe re n c e
1 3 2 .5 55 2 2 .5 506.25
2 6 7 .5 75 7 .5 56 .25
3 6 2 .5 93 3 0 .5 930 .25
6 28 35 7 69
5 60 69 26 576
6 66 53 9 81
7 3 2 .5 56 2 3 .5 552.25
8 55 79 26 576
9 60 62 22 686
10 6 7 .5 56 8 .5 72 .2 5
11 2 7 .5 65 37 .5 1606 .25
12 65 56 9 81
13 37 52 15 2 .2 5
16 50 58 8 66
15 52 57 5 25
16 35 68 13 169
17 50 66 U 196
18 65 69 6 16
19 58 65 7 69
20 65 62 3
= 3 0 8 .0  £ i r =
289 
- 6180 .75
# S c o r es  a re  g iv e n  in  pounds.
APPENDIX I ( c o n t in u e d )
7 3
D v t ~t t
308 . Q x  A. 36 
N_____________________
V 6X8075. ~  n o s o ^
20 V20*^
. .
V  3 09 .038  -  237 .16
67 .144
8 .4 7 3
7 .9 1 9 *
♦ I n d ic a te s  s ig n i f i c a n c e  beyond .01 p e r  c e n t  l e v e l .
APPENDIX J
INITIAL AND FINAL RAW SCORES* OF LEG STRENGTH AND COMPUTATIONS 
FOR SIGNIFICANCE FOR COLLEGE MEN WHO PRACTICED ISOMETRIC
EXERCISES AND THROWING A SOFTBALL FOR DISTANCE
SUBJECTS P r e - t e s t P o s t - t e s t D iffe re n c e D if fe re n c e 2
1 49 62 12 144
2 6 7 .5 62 5 .5 30 .25
3 54 69 15 225
4 37 62 25 625
5 40 75 35 1225
6 44 70 26 676
7 2 7 .5 48 20 .5 420 .25
8 44 70 26 676
9 30 37 7 49
10 75 92 17 289
11 60 74 14 196
12 35 i*U 9 81
13 6 7 .5 85 17 .5 306 .25
14 53 57 4 16
15 52 .5 54 1 .5 2 .2 5
16 55 61 6 36
17 47 66 19 361
18 45 56 11 121
19 40 52 12 144
20 45 71 26 0 676
£D = 30 9 .0  = 6299 .0
♦ S co res  are  g iv e n  in  pounds.
7 5
APPENDIX J (c o n tin u e d )
D iT n -  I
SD
309
20 x  4 .3 6
15 ,4 5  x  4 Q 6  
^ 3 1 4 .9 5  -  ( 1 5 .4 5 ) 2
67 .362 _______________
V 3 1 4 .9 5 - 2 3 8 .7 0 3
6 7 .3 6  2___________
i f  ? 6 .247
67 .362  
8 .7 3 1
7 .715*
^ S ig n i f i c a n t  beyond .0 1  p e r  c e n t  l e v e l  o f  c o n f id e n c e .
APPENDIX K
INITIAL AND FINAL RAW SCORES* OF LEO STRENGTH AND COMPUTATIONS 
FOR SIGNIFICANCE FOR COLLEGE MEN WHO PRACTICED THROWING 
A SOFTBALL FOR DISTANCE
SUBJECTS P r e - t e s t P o s t - t e s t D if fe re n c e D if fe re n c e 2
1 43 49 6 36
2 75 75 0 0
3 52 60 8 64
4 58 62 4 16
5 60 61 1 1
6 47 52 5 25
7 4 7 .5 48 .5 .25
8 45 64 19 361
9 56 57 1 1
10 38 55 17 289
11 56 56 0 0
12 57 50 13 169
13 55 67 12 144
14 50 40 -1 0 100
15 83 61 22 484
16 37 .5 39 1 .5 2 .2 5
17 3 7 .5 49 11 .5 132.25
18 3 2 .5 45 12 .5 156 .25
19 38 45 7 49
20 54 58 4 16
£D = 135 .0  £ r r - = 2046.00
♦ S c o re s  a r e  g iv e n  in  p o u n d s .
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APPENDIX




t  = 20 x 4 .3 6
l)  2046 
20
i fo
t  = 6 .7 5  x 4 .3 6
102.3 -  ( 6 .7 5 ) 2
t  - 6 .7 5  x V #  .........
l( 102 .30 -  1.5.563
t  = 6 .7 5  x . 4 .J 6  . ...
Tl 56.737
t  ^ 6,-,72. *  
7 .531
4 .3 6
t  -  ,
7 .531
t  -  3 .907*
(c o n tin u e d )
♦ S ig n i f ic a n t  beyond .01 p e r  c e n t l e v e l  o f  c o n f id e n c e .
APPENDIX L
INITIAL AND FINAL RAW SCORES* OF LEG STRENGTH AND COMPUTATIONS 
FOR SIGNIFICANCE FOR COLLEGE MEN WHO DID NOT PRACTICE 
ISOMETRIC EXERCISE> AND WHO DID NOT PRACTICE 
THROWING A SOFTBALL FOR DISTANCE
SUBJECTS P r e - t e s t P o s t - t e s t D if fe re n c e D if fe re n c e 2
I 75 81 6 36
2 53 55 2 4
3 54 55 1 1
4 55 57 2 4
5 57.5 61 3 .5 12.25
6 71 73 2 4
7 45 50 5 25
8 41 43 2 4
9 49 51 2 4
10 45 37 -8 64
I I 75 75 0 0
12 64 54 -1 0 100
13 50 53 3 9
14 33 40 7 49
15 57 57 0 0
16 53 51 -2 4
17 67 70 3 9
18 43 45 2 4
19 25 28 3 9
20 49 50 • 1
£D = 24 .5
2-------------
£D -  338 .25
* S co res  are g iv e n  in  pounds.
APPENDIX L (c o n t in u e d )
D if  N -  I
2 k i l
_20 X 4 .3 6
11 338.25 -  (2A.5)2
20 v20 '
1..225 x  4 .3 6  
V 16 .912  -  (1 .2 2 5 )^
^  16.614 '
4 .0 7 6
1 .313*
*Not s i^ n i f i c a n t ,  a t  .01 p e r  c e n t  l e v e l  o f  c o n f id e n c e .
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APPENDIX. M
ANALYSIS OF VARIANCE OF EXERCISE GROUPS
^ T r i a l s  WEX = 4 0 (1 1 1 .0 2 2 4 9  -  n O .7 5 6 8 ? )2 + (110 .98249  -  1 1 0 .7 5 6 8 7 )2
+ (1 1 0 .6 8 9 9 9  -  1 1 0 .7 5 8 8 7 )2 + ( l l O . 33249 -  1 1 0 .7 5 6 8 7 )2
SSTWEX "  4 0 ( . 13368) + ( .0 5 0 9 0 )  + ( .0 0 4 4 7 ) + ( .1 8 0 0 9 )













E r r o r  (w)
A P P ^ D I X  N
ANALYSIS OF VARIANCE OF N0-KXSRC1S6 GROUPS
SSTWNEX*" 40 (1 0 6 .3 7 9 9 9  -  1 0 4 -94249)2 + ( l0 5 .S i2 5 0  -  i 0 4 . 94249)^
+ (1 0 4 .79230  -  1 0 4 .94249)^  + (1 0 2 .7 8 4 9 9  -  1 0 4 .9 4 2 4 9 )2 
SSTWNEX _ 4 0 (2 .0 6 6 4 0 ) + (-73691) + (.0 2 2 3 0 ) ■+ (4 .6 5 4 8 1 )
SSrWNKX "  40 (7 -3 0 0 6 2 )
-  , ;o o .Q 2^ o




* T r i a l s  w ith  no e x e r c i s e s .  
* * S ig n ix ic a n t  beyond .0 1  l e v e l .
APPENDIX 0
LINEAR REGRESSION COMPUTATIONS OF FINAL MEANS OF TVENTY UNDERHAND 
THROWS FOR COLLEGE MEN WHO WERE TERMED THE NO-EXERCISE GROUP
T est N d f Sums o f  S q u ares Mean S quares
N o-exerc i  se 40 3 300.0248 133.3416
E x e rc ise 40 3 14.7656 4 .9219
E rro r 228 1908.7813 8.3718










x  40 
4 1 9 1 .bO 
+ 1
102.78 
x  40 
4111.20  
+ 3.
-1 2 765 .60 -4 2 3 2 .4 0 4191.60 12333.60
-1 2 7 6 5 .6 0
-  4232 .40  
-1 6 9 9 8 .0 0  
+16525.20
-  47 2 .8
- 3 2 + - l 2 t 2 2 1 + 3 = 20
4191 .60
i $ m .6 o .
+16525.20
■47 2 .8 ) 2 = -  (4 7 2 .8 0 )2 - 223539.84 - 279 .42
40(20) 800 800
F -  2 7 ? .4 2  
8 .3 7 2
= 33 .38* 300.024 
-  279 .420 
20 .604
20 .604  = 2.575**
8 .3 7 2
♦ I n d ic a te s  L in e a r  R e g re s s io n ; s ig n i f i c a n t  a t  .0 1  l e v e l .  
♦ ♦ In d ic a te s  Q u a d ra tic  and Cubic R e g re s s io n ; n o t s i g n i f i c a n t .
APPENDIX P
8.3
STANDARD ERROR OP MEAN COMPUTATIONS FOR ARM AND LEG STRENGTH
ARM STRENGTH
Isom etric  r --------------------------  _ _ _ _ _ _ _
K xercise  ^ x 2 ^ J  4 0 1 3 .25~ -  3 .2 5
Group N (N  -  l )  9 380
Iso m e tr ic  r--------------------
E x e rc is e  + = c r  m -  -y ^ x 2 -  S 3 8 0 5 .50 = 3 .1 6
Throw Group N (N -  l j  380
in  row---------------------r ------------------
Group -  cTm = V ^ x 2 -  J U T ”  -  -38u t u I T tT  “ lOA
N o -e x e rc is e , 
N o-throw a-*  -  -1 190.75 -  .707
Group N (N -  1) 380
LEG STRENGTH
Iso m e tr ic  r _ _ _ _ _ _ _
E x e rc is e  -  (Tm = ”|| £ x   = -J 6180.75  = 4 .03
Group N (N -  I )  9 380
Iso m e tr ic  r ■
E x e rc is e  + ^ f x 2 ^ %f 6*299 = 4 .0 7
Throw Group N (N -  l )  v 380
Throw   - ----------  -------
Group = ^*in = -y £ x  J  204^ 2..32
N (N -  l )  9 380
No—e x e r c i s e ,
N o-throw  ’ = c r m  = ^ J  338.25 = .959
Group 9 N ( N -  1) » 380
VITA
The a u th o r  was r e a re d  and re c e iv e d  h i s  e lem en ta ry  and h igh  
sc h o o l e d u c a tio n  in  T o lu ca , I l l i n o i s .  Bom in  1926, he g rad u a te d  
from  h igh  sch o o l and went In to  th e  U nited  S ta te s  Navy in  1943* He 
sp e n t th r e e  y e a r s  and s ix  months in  th e  s e rv ic e — tw en ty -sev en  months 
b e in g  sp e n t aboard  two d i f f e r e n t  s h ip s  in th e  P a c i f ic  T h e a te r  o f  War 
O p e ra t io n s .
Upon h i s  d is c h a rg e  from th e  s e rv ic e  in  1946, he e n r o l le d  a t  
I l l i n o i s  S ta te  U n iv e rs i ty  where he re c e iv e d  both  B ach e lo r and M aster 
o f  S c ien ce  d e g re e s .
In  1963, he began work on th e  d o c to r a l  l e v e l  a t  L o u is ian a  
S ta te  U n iv e rs i ty  and th e  D octor o f  E ducation  d e g re e , w ith  a  m ajo r 
in  P h y s ic a l E d u c a tio n , was awarded in  Ja n u a ry , 1965*
The a u th o r  h as  had te a c h in g  e x p e rie n c e  a t  th e  e le m e n ta ry , 
ju n io r  and s e n io r  h ig h  s c h o o l,  and c o lle g e  l e v e l s .  He i s  a t  p re s e n t  
a  f a c u l ty  member a t  I l l i n o i s  S ta te  U n iv e r s i ty ,  where he i s  a member 
o f  th e  D epartm ent o f  H ealth  and P h y s ic a l E d u c a tio n .
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